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(57) ABSTRACT

Provided are a compound superior in a cytotoxic action on
cancer cells, an action inducing degradation of BET protein
in cancer cells, and an inhibitory action on the binding of
BET protein and acetylated histone, and useful as an anti-
cancer agent, a BET protein degradation inducer or a BET
protein inhibitor. A compound represented by the following
formula (1)
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wherein each symbol is as defined in the specification, or a
pharmacologically acceptable salt thereof.
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1
AMIDE COMPOUND HAVING BET
PROTEOLYSIS-INDUCING ACTION AND
MEDICINAL APPLICATION THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is the U.S. national phase of
International Patent Application No. PCT/JP2019/026553,
filed on Jul. 4, 2019, which claims the benefit of Japanese
Patent Application No. 2018-127896, filed on Jul. 4, 2018,
which are incorporated by reference in their entireties
herein.

TECHNICAL FIELD

The present invention relates to an amide compound or a
pharmacologically acceptable salt thereof, which is superior
in a cytotoxic action on cancer cells, an action inducing
degradation of BET protein in cancer cells, and an inhibitory
action on the binding of BET protein and acetylated histone,
and useful as ah anticancer agent, a BET protein degradation
inducer or a BET protein inhibitor.

BACKGROUND ART

Eukaryotic DNA forms a chromatin structure and is stored
in the nucleus. Nucleosome which is a constituent unit
thereof has a structure in which DNA is wound around
histone octamer formed by 2 molecules each or 4 kinds of
histones, H2A, H2E, H3, H4. Dozens of residues on the
N-terminal side of histones is called a histone tale, and
various post-translational modifications such as acetylation
methylation, phosphorylation, ubiquitination are present
therein. Post-translational modification, also called histone
code, is one of the mechanisms responsible for controlling
epigenetic expression, which determines when or where
genetic information on DNA is expressed. Histone modifi-
cation is and functionally controlled by a modifying enzyme
(writer) that writes modification group histone, a de modi-
fying enzyme (eraser) that removes modification group, and
a histone reader (reader) that specifically read modified
histone. It is known that such control mechanism greatly
contributes to ontogenesis and cell differentiation, while
epigenetics abnormalities are involved in various diseases.

The bromo domain is a reader protein consisting of about
110 amino acids that recognize acetylated lysine of histone.
About 50 kinds of proteins possessing a bromo domain have
been known to date, and they function as scaffold proteins
for various transcription factors by binding to acetylated
lysine of histone and also show various functions in the cell
such as being responsible for chromatin reconstitution and
transcriptional regulation through its own histone acetyl-
transferase activity and kinase activity and the like. BRD2,
BRD3, BRD4 and BRDT contained in the BET (bromo
domain and extraterminal) family protein of the bromo
domain-containing protein (sometimes to be indicated as
BET protein in the present specification and Claims) possess
two highly conserved bromo domains on the N-terminal side
and Extra C-Terminal domain on the C-terminal side within
the family, and respective BET proteins are known to
function both independently and cooperatively (non-patent
document 1).

Among the BET family proteins, BRD4 is expected to be
the target of drug discovery in cancer treatment because it
regulates the expression of c-MYC which is a proto-onco-
gene (non-patent document 2) and has been reported to have
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a correlation with prognosis in various carcinomas such as
gastric cancer (non-patent document 3), ovarian cancer
(non-patent document 4), lung cancer (non-patent document
5), liver cancer (non-patent document 6), urothelial cancer
(non-patent document 7), testicular cancer (non-patent docu-
ment 8), skin cancer (non-patent document 9), prostate
cancer (non-patent document 10), breast cancer (non-patent
document 11), colorectal cancer (non-patent document 12)
and leukemia (non-patent document 13).

To date, a BRD4 inhibitor that inhibits the binding of
BRDA4 to histone has been clinically developed as an anti-
cancer agent targeting BRD4 (non-patent document 14).
However, BRD4 inhibitors do not show a sufficient effect
since they cause accumulation of BRD4 (non-patent docu-
ment 15), and resistance is acquired by expression of pro-
teins that stabilize BRD4 expression and proteins that
enhance BRD4-mediated transcriptional activity in a bromo
domain-independent manner (non-patent documents 16, 17).
Thus, the development of an anticancer agent targeting
BRD4 by a new means is required.

In recent years, a technology in which an artificial com-
plex of E3 and a target protein is formed in the cell by using
a compound in which a ligand for an E3 [Von Hippel-Lindau
(VHL), Cereblon (CRBN), Cellular Inhibitor of Apoptosis
Protein 1 (cIAP1)] having ubiquitin ligase activity and an
inhibitor of the target protein are linked, and degradation of
the target protein is induced by using the ubiquitin-protea-
some system, which is an intracellular protein degradation
mechanism (chemical knockdown) has been attracting atten-
tion as a new drug discovery technique (non-patent docu-
ment 18). ARV-771, ARV-825 and the like have heretofore
been reported as BRD4 protein degradation inducers utiliz-
ing this technique (non-patent documents 15, 19).

DOCUMENT LIST
Non-Patent Documents

non-patent document 1: Taniguchi Y., Int J Mol Sci. 2016,
17: E1849

non-patent document 2: Kanno T., Nat Struct Mol Biol.
2014, 21: 1047-1057

non-patent document 3: Zhu Y., Oncotarget. 2017, 8: 31092-
31100

non-patent document 4: Ucar D., Mol Clin Oncol. 2015, 3:
1291-1294

non-patent document 5: Liao Y F., Oncotarget. 2016, 7:
9491-9500

non-patent document 6: Zhang P., Int J Immunopathol
Pharmacol. 2015, 28: 36-44

non-patent document 7: Yan Y., Int J Clin Exp Pathol. 2014,
7:4231-4238

non-patent document 8: Stathis A., Cancer Discov. 2016, 6:
492-500

non-patent document 9: Segura M F., Cancer Res. 2013, 73:
6264-6276

non-patent document 10: Dai X., Nat Med. 2017, 23:
1063-1071

non-patent document 11: Crawford N P., Proc Natl Acad Sci
USA. 2008, 105: 6380-6385

non-patent document 12: Hu Y., Int J Mol Sci. 2015, 16:
1928-1948

non-patent document 13: Herrmann H., Oncotarget. 2012, 3:
1588-1599

non-patent document 14: Liu Z., ] Med Chem. 2017, 60:
4533-4558
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non-patent document 15: Lu J., Chem Biol. 2015, 22:
755-763

non-patent document 16: Dai X., Nat Med. 2017, 23:
1063-1071

non-patent document 17: Shu S., Nature. 2016, 529: 413-
417

non-patent document 18: Toure M., Angew Chem Int Ed
Engl. 2016, 55: 1966-1973

non-patent document 19: Raina K., Proc Natl Acad Sci USA.
2016, 113: 7124-7129

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

The problem of the present invention is to provide a
compound superior in a cytotoxic action on cancer cells, an
action inducing degradation of BET protein in cancer cells,
and an inhibitory action on the binding of BET protein and
acetylated histone, and useful as an anticancer agent, a BET
protein degradation inducer or a BET protein inhibitor.

Means of Solving the Problems

The present inventors have conducted intensive studies in
an attempt to solve the aforementioned problem and found
a compound having a cytotoxic action on cancer cells, an
action inducing degradation of BET protein in cancer cells
and an inhibitory action on the binding of BET protein and
acetylated histone, and found that an anticancer agent, a
BET protein degrader (degradation inducer) and a BET
protein inhibitor can be provided, which resulted in the
completion of the present invention. That is, the subject
matter of the present invention is as follows.

[1] A compound represented by the following formula (I)

@

RSb
R&z RSC
R? RS
N R?
R R¥ L_W)Y =\ pla
RS N> 3 N \ A
] o] H / /
N 16
R ] R4 R
YX
N
NQ>\(
Y RE
wherein

A is any of the following formula (Aa), (Ab) and (Ac)
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-continued

(Ab)

(Ac)

X N

R'“ and R'? are the same or different and each is inde-
pendently

a hydrogen atom,

a halogen atom,

cyano,

hydroxy,

mercapto,

nitro,

—NR'R'),

—COOH,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-S—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-S—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R'*)—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R'*)—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—N(R'?)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-CO—N(R'?)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R'*)—S0,—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R'*)—S0,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—N(R'*)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-SO,—N(R*?)—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms,
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R?is

a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms or

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

R?is

a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

unsubstituted or substituted heteroaryl having 1 to 6
hetero atoms selected from a nitrogen atom, an oxygen atom
and a sulfur atom and containing 5 to 10 ring-constituting
atoms,

R** and R*” are the same or different and each is inde-
pendently

a hydrogen atom,

a halogen atom,

cyano,

hydroxy,

mercapto,

nitro,

7N(R4 1 ) (R42)

—COOH,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted alkenyl having 2-6 carbon
atoms,

unsubstituted or substituted alkynyl having 2-6 carbon
atoms,

unsubstituted or substituted arylalkyl having 7-16 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-S—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-S—,

unsubstituted or substituted arylalkyl having 7-16 carbon
atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R*)—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—N(R*)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-CO—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—S0,—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R**)—S0,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—N(R*)—,
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6

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-SO,—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—O—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-CO—O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-SO,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—NR*)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—CO—N(R**)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—CO—N(R*)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R**)—CO—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—SO,—NR*)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R**)—SO,—NR*)—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms,

R>“ and R>® are the same or different and each is inde-
pendently

a hydrogen atom,

a halogen atom,

cyano,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

unsubstituted or substituted heteroaryl having 1 to 6
hetero atoms selected from a nitrogen atom, an oxygen atom
and a sulfur atom and containing 5 to 10 ring-constituting
atoms, or

R>? and R>? are joined to show

—CH,—CH,—CH,—,

—CH,—CH,—CH,—CH,— or

—CH,—CH,—CH,—CH,—CH,— and form a fused
ring with adjacent ring A,

R%is

hydroxy,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

—(CH,);—CO—O0R?,

—(CH,),—CO—NR*)R®)

—(CH,),—R"*,

—N(R%)—CO—OR®,

—N(R®)—CO—N(R)R®)

—N(R*)—CO—R* or

7N(R610)(R611),

k, m and n are each an integer of 1-4,
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R%, R®, R% and R®® are the same or different and each
is independently

a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O-unsubstituted or substituted alkyl having 1-6 car-
bon atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms, or

R%* and R% or R%” and R®® show, together with the
adjacent nitrogen atom, the following formula

RGB

wherein ring B is an aziridine ring, an azetidine ring, a
pyrrolidine ring, a piperidine ring or a morpholine ring, R%?
is a hydrogen atom, a halogen atom, cyano, hydroxy, unsub-
stituted or substituted alkyl having 1-6 carbon atoms or
unsubstituted or substituted alkyl having 1-6 carbon atoms-
075

R% is

unsubstituted or substituted aryl having 6-10 carbon
atoms or

unsubstituted or substituted heteroaryl having 1 to 6
hetero atoms selected from a nitrogen atom, an oxygen atom
and a sulfur atom and containing 5 to 10 ring-constituting
atoms,

R is

a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms or

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

R3 is

a hydrogen atom or

unsubstituted or substituted alkyl having 1-3 carbon
atoms,

R®, R® and R®? are the same or different and each is
independently

a hydrogen atom,

a halogen atom,

hydroxy,

amino,

unsubstituted or substituted alkyl having 1-3 carbon
atoms or

unsubstituted or substituted alkyl having 1-3 carbon
atoms-O—,

L is absent or a group obtained by freely selecting and
combining 1-50 from

REDRE)—,

—CR™)—=CR™)—,

— C=C—

—0—,
—S—,
—NR")—,
— S0,
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—S0, -,
—CO—O—,

—CO—N(RL%)—,

—SO,—NR*®)—,

—NRX®)—CO—0—,
—NR™®)—CO—NR"")—,
—NR™®)—S0,—NR)—,

— NR®)—C(=N—CN)—NR-)—,

— NR®)—C(=CH—NO,)N(R*")—, and

RLS’

—&

R

the number of ring D is 5 at maximum, and all or one part
of L does not show —O—0O—, —S—S— —NR**)—N
R”)—, —O0—S—, —8—0—, —O—NR")NR”)—
O—, —S—NR"®)— or —N(R**)—S—,

ring D is

cycloalkane having 3-6 carbon atoms,

optionally partially reduced aromatic hydrocarbon having
6-10 carbon atoms,

a hetero ring having 1-6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 3 to 10 ring-constituting atoms,

a bicyclo ring having 4-12 carbon atoms,

a bicyclohetero ring having 1-6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur atom and
containing 4 to 12 ring-constituting atoms,

a spiro ring having 6-12 carbon atoms, or

a spirohetero ring having 1-6 hetero atoms selected from
a nitrogen atom, an oxygen atom and a sulfur atom and
containing 6 to 12 ring-constituting atoms,

R R*?, R*® and R*® are the same or different and each
is independently

a hydrogen atom,

a halogen atom,

cyano,

hydroxy,

mercapto,

nitro,

—NR)R™),

—COOH,

oxo, provided that when R** is oxo, then R*? is absent,

thioxo, provided that when R*' is thioxo, then R** is
absent,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted alkenyl having 2-6 carbon
atoms,

unsubstituted or substituted alkynyl having 2-6 carbon
atoms,

unsubstituted or substituted arylalkyl having 7-16 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-S—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-S—,



US 11,542,273 B2

9

unsubstituted or substituted arylalkyl having 7-16 carbon
atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R*)—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—N(R)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-CO—N(R)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—S0,—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R*)—S0,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—N(RX)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-SO,—N(RX)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—O—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-CO—O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-SO,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—N(R*)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—CO—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R““)—CO—N(R**)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R“)—CO—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—SO,—N(R*))—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N—(R*)—SO,—N(R*)—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms, and further, R** and R*? are optionally
joined to show —CH,—CH,—, —CH,—CH,—CH,—,

~ CH,—CH,—CH,—CH,— or —CH,—CH,—CH,—
CH,—CH,—,

R%3 and R** are the same or different and each is inde-
pendently

a hydrogen atom,

a halogen atom

cyano,

—COOH,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted alkenyl having 2-6 carbon
atoms,

unsubstituted or substituted arylalkyl having 7-16 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—,
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unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—CO—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms,

R™ is

a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted arylalkyl having 7-16 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R**)—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—S0,—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R*)—S0,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-SO,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-CO—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms,

W is any of the following formula (Wa), (Wb), (Wc),
(Wd) and (We)

(Wa)
R3
0
N
I [
RWI
(Wb)
R3
(We)
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-continued
, (Wd)
R
(@]
5
N
. /\
RWz/_ R73
Wey 10
R3
RW3
N
/ \ 15
RPN ©

X and Y are: 20

X is a nitrogen atom and Y is a nitrogen atom, or X is a
carbon atom and Y is an oxygen atom,

R7?is

a hydrogen atom,

a halogen atom,

cyano,

hydroxy,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O— or

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—,

Rll, R12, R13, R41, R42, R43, R44, R61, R65, R66, R610,
RO RE6 RE7 REe RZP RZ° RZY R™ and R™ are the
same or different and each is independently

a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms or

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

R% is

unsubstituted or substituted alkyl having 1-6 carbon
atoms or

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,
when alkyl having 1-6 carbon atoms, cycloalkyl having 3-6
carbon atoms, alkenyl having 2-6 carbon atoms and alkynyl
having 2-6 carbon atoms are substituted, they are substituted
by one or two or more groups selected from a halogen atom,
cyano, hydroxy and alkyl having 1-6 carbon atoms-O—,
when aryl having 6-10 carbon atoms; a heterocyclic group
having 1 to 6 hetero atoms selected from a nitrogen atom, an
oxygen atom and a sulfur atom and containing 3 to 10
ring-constituting atoms; heteroaryl having 1 to 6 hetero
atoms selected from a nitrogen atom, an oxygen atom and a
sulfur atom and containing 5 to 10 ring-constituting atoms;
and arylalkyl having 7-16 carbon atoms are substituted, they
are substituted by one or two or more groups selected from
a halogen atom, cyano, hydroxy, alkyl having 1-6 carbon
atoms, cycloalkyl having 3-6 carbon atoms, alkyl having 1-6
carbon atoms-O— and cycloalkyl having 3-6 carbon atoms-
O—, or a pharmacologically acceptable salt thereof.
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[2] The compound described in [1], wherein R**, R*? R*®
and R*® are the same or different and each is indepen-
dently
a hydrogen atom,

a halogen atom,

cyano,

hydroxy,

mercapto,

nitro,

—NR)R™),

—COOH,

oxo, provided that when R*! is oxo, then R** is absent,

thioxo, provided that when R*' is thioxo, then R** is
absent,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms,

unsubstituted or substituted alkenyl having 2-6 carbon
atoms,

unsubstituted or substituted alkynyl having 2-6 carbon
atoms,

unsubstituted or substituted arylalkyl having 7-16 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-S—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-S—,

unsubstituted or substituted arylalkyl having 7-16 carbon
atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—CO—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R*)—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—N(R)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-CO—N(R)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—S0,—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R*)—S0,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—N(RX)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-SO,—N(RX)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—O—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-CO—O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-SO,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—N(R*)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-O—CO—N(R*)—,
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unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—CO—NR%)—,

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R“)—CO—N(R**)—,

unsubstituted or substituted alkyl having 1-6 carbon 3
atoms-N(R*“)—SO,—N(R*)—.

unsubstituted or substituted cycloalkyl having 3-6 carbon
atoms-N(R*)—SO,—N(R*H)—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or 10

an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms, or a pharmacologically acceptable salt

thereof. L
[3] The compound described in [1] or [2], wherein A is
(Aa) 20
RSa Rsb
—
S
/
25
N
X
or a pharmacologically acceptable salt thereof. 30

[4] The compound described in any one of [1]-[3], wherein
X and Y are nitrogen atoms, or a pharmacologically
acceptable salt thereof.

[5] The compound described in any one of [1]-[4], wherein i
W is

(Wa)
R3
O 40
N
I- |
RWI
45
or a pharmacologically acceptable salt thereof.
[6] The compound described in any one of [1]-[5], wherein
Lis
50
—(CHy)y—; ——O0—(CHy)p—;
; RLSa’;
— (O— (CHy),),—O—(CHy),—
55
RL&z
RLSa’ RLSa’
@ O—(CHy),— ; S—<CH2>,,—;
RLSa RLSa
60
4’7 (CHp)p— 4’7 CH=CH—
R8T RL8a R8T RL8a
<CH2>,—O—<CHz>p— _
’ 65
RIs7 Ri8a

14
-continued
(O—(CHy)y)y—O0—(CHp),— .

RLSa

N(RLSH)

RLSa

RLSa’

(CH2—,

RLSa’

CO— N(RE)

RLSa

(CHp)— .
RLSa’

N(RF)—CO—(CHy)s—(0— (CHy),),—O—(CHy),— :

RIS L%

R

RISY. RS RESY'.

R G

RIS RISa RISH RISa RISH
RESY'.

RIS RISa RISH
RIS

REZ RISa RISE

RISa RISV RLSH

<CH2>,—O _

RI8E RIS

RLSa’

CO—N(RES)

RLSa

RLSa’

RLSb
(oo —

RIS RI8a RISV RIS RIS

—N(RL5”)O—(CH2)p— _

RIS Ri8a

CO—(CHZ)SO—(CHZ)I,— _

RLSa

_N(RLSH)

RLSa’

— NR%)—CO—(CHy), @ (0—(CHa)g)r —O—(CHa)p—

>

RIS RI%a

O_C(RLla)(RLZa)

RL&z

CHy),.—
(CHz)p-1 or

RLSa’

CO— N(RE®)

RLSa

CRM(R"?— (CHy)p—

RLSa’

wherein

p and t are each an integer of 1-6,

q and s are each an integer of 1-4,

r is an integer of 1-7,

ring D?, ring D” and ring D¢ are the same or different and
each is independently cycloalkane having 3-6 carbon atoms,
benzene, naphthalene, dihydronaphthalene, tetrahydronaph-
thalene, azetidine, pyrrole, dihydropyrrole, pyrrolidine,
furan, dihydrofuran, tetrahydrofuran, thiophene, dihydrothi-
ophene, tetrahydrothiophene, pyridine, dihydropyridine, tet-
rahydropyridine, piperidine, pyran, dihydropyran, tetrahy-
dropyran, thiopyran, dihydrothiopyran, tetrahydrothiopyran,
pyrazole, dihydropyrazole, tetrahydropyrazole, imidazole,
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dihydroimidazole, tetrahydroimidazole, isoxazole, dihy-
droisoxazole, tetrahydroisoxazole, oxazole, dihydrooxazole,
tetrahydrooxazole, isothiazole, dihydroisothiazole, tetrahy-
droisothiazole, thiazole, dihydrothiazole, tetrahydrothiazole,
pyridazine, dihydropyridazine, tetrahydropyridazine, hexa-
hydropyridazine, pyrimidine, dihydropyrimidine, tetrahy-
dropyrimidine, hexahydropyrimidine, pyrazine, dihydropy-
razine, tetrahydropyrazine, piperazine, oxazine,
dihydrooxazine, tetrahydrooxazine, thiazine, dihydrothiaz-
ine, tetrahydrothiazine, benzopyrrole, dihydrobenzopyrrole,
benzopyrrolidine, benzofuran, dihydrobenzofuran, benzo-
thiophene, dihydrobenzothiophene, benzopyridine, dihyd-
robenzopyridine, benzopiperidine, benzopyran, dihydroben-
zopyran, benzothiopyran, dihydrobenzothiopyran,
benzopyrazole, dihydrobenzopyrazole, benzimidazole,
dihydrobenzimidazole, benzisoxazole, dihydrobenzisoxa-
zole, benzoxazole, dihydrobenzoxazole, benzisothiazole,
dihydrobenzisothiazole, benzothiazole, dihydrobenzothiaz-
ole, benzopyridazine, dihydrobenzopyridazine, tetrahyd-
robenzopyridazine, benzopyrimidine, dihydrobenzopyrimi-
dine, tetrahydrobenzopyrimidine, benzopyrazine,
dihydrobenzopyrazine, benzopiperazine, benzoxazine, dihy-
drobenzoxazine, benzothiazine, dihydrobenzothiazine or a
bicyclo ring having 4-12 carbon atoms,

R*'® is unsubstituted or substituted alkyl having 1-6
carbon atoms or a halogen atom,

R** is a hydrogen atom, unsubstituted or substituted
alkyl having 1-6 carbon atoms or a halogen atom,

R**? is a hydrogen atom or unsubstituted or substituted
alkyl having 1-6 carbon atoms,

RE8a RIBa’ RIBL RIBE’ RIZC and RE3’ are the same or
different and each is independently a hydrogen atom, a
halogen atom, cyano, oxo, unsubstituted or substituted alkyl
having 1-6 carbon atoms or unsubstituted or substituted
alkyl having 1-6 carbon atoms-O—, or a pharmacologically
acceptable salt thereof.

[7] The compound described in any one of [1]-[6], wherein

Lis
@ ; O—(CHz)p—;
RLSa RL&z
—()——()—
RL&z RLSb
CO—NH @ or
RLSa RLSb
CO—NH—(CHZ),—O
RLSa RLSb
wherein

p and t are each an integer of 1-6,

ring D? and ring D? are the same or different and each is
independently benzene, pyrrolidine, benzofuran, benzoxa-
zole or benzothiazole,

R and R*® are the same or different and each is
independently a hydrogen atom, a halogen atom or cyano, or
a pharmacologically acceptable salt thereof.

[8] The compound described in any one of [1]-[7], wherein

R'“ is unsubstituted or substituted heteroaryl having 1 to

6 hetero atoms selected from a nitrogen atom, an oxygen
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atom and a sulfur atom and containing 5 to 10 ring-
constituting atoms, or a pharmacologically acceptable salt
thereof.

[9] The compound described in any one of [1]-[8], wherein
R'? is a hydrogen atom, or a pharmacologically accept-
able salt thereof.

[10] The compound described in any one of [1]-[9], wherein
R? is a hydrogen atom or unsubstituted or substituted
alkyl having 1-6 carbon atoms, or a pharmacologically
acceptable salt thereof.

[11] The compound described in any one of [1]-[10],
wherein R? is unsubstituted or substituted alkyl having
1-6 carbon atoms, or a pharmacologically acceptable salt
thereof.

[12] The compound described in any one of [1]-[11],
wherein R** and R*” are each a hydrogen atom, or a
pharmacologically acceptable salt thereof.

[13] The compound described in any one of [1]-[12],
wherein R>* and R*® are the same or different and each is
independently unsubstituted or substituted alkyl having
1-6 carbon atoms, or a pharmacologically acceptable salt
thereof.

[14] The compound described in any one of [1]-[13],
wherein R° is —(CH,),—CO—ORS", or a pharmacologi-
cally acceptable salt thereof.

[15] The compound described in any one of [1]-[14],
wherein R” is unsubstituted or substituted alkyl having
1-6 carbon atoms, or a pharmacologically acceptable salt
thereof.

[16] The compound described in any one of [1]-[15],
wherein R®?, R® and R®“ are each a hydrogen atom, or a
pharmacologically acceptable salt thereof.

[17] The compound described in any one of [1]-[16],
wherein R®? is hydroxy, or a pharmacologically accept-
able salt thereof.

[18] Methyl [(6S)-4-{3'-cyano-4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethoxy][1,1'-biphenyl]-4-
yl1}-2,3.9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a]
[1,4]diazepin-6-yl]acetate,
methyl  [(6S)-4-{4"-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({([4-(4-methyl-1,3-thiazol-5-yl)phenyl jmethyl}

carbamoyl)pyrrolidin-1-yl1]-3,3-dimethyl-1-oxobutan-2-

yl}amino)-2-oxoethoxy][1,1'-biphenyl]-4-y1}-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]diazepin-6-
yl]acetate,

methyl {(68)-4-[2'-fluoro-4'-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-
2-yl}carbamoyl)[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-
yl}acetate,

methyl [(6S)-4-(4-{(3R)-3-[(2-{[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-
2-yl}carbamoyl]-1-benzofuran-5-yl]oxy }ethyl)carbamoyl]
pyrrolidin-1-y1}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,
2,4]triazolo[4,3-a][ 1,4]diazepin-6-yl]acetate,
methyl {(68)-4-[3'-fluoro-4'-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-
2-yl}carbamoyl)[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-
yl}acetate,

methyl  [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({(15)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-
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2-yl}carbamoyl)-1,3-benzoxazol-5-yl|phenyl}-2,3,9-
trimethyl-6H-thieno[3,2-f][ 1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate,

methyl  [(6S)-4-{4-[(3S)-3-{[2-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-
2-yl}carbamoyl)-1-benzofuran-5-yl]carbamoyl } pyrrolidin-
1-yl]phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate,

methyl  [(6S)-4-{4-[(BR)-3-{[2-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-
2-yl}carbamoyl)-1-benzofuran-5-yljoxy }pyrrolidin-1-yl]
phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,
3-a][1,4]diazepin-6-yl]acetate,

methyl {(68)-4-[3'-chloro-4'-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-
2-yl}carbamoyl)[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-6-
yl}acetate,

methyl  [(6S)-4-{4-[7-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({(15)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-

2-yl}carbamoyl)-3,4-dihydroisoquinolin-2(1H)-yl|phenyl} -

2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]

diazepin-6-yl]acetate,
methyl  [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({(15)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-

2-yl}carbamoyl)-1-benzofuran-6-yl|phenyl }-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-
yl]acetate,

methyl  [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({[4-(4-methyl-1,3-thiazol-5-yl)phenyl|methyl } carbamoyl)

pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-2-yl} carbamoyl)-

1,3-benzoxazol-5-yl|phenyl}-2,3,9-trimethyl-6H-thieno[3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate,
methyl  [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({(15)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-

2-yl}carbamoyl)-1,3-benzothiazol-5-y1]phenyl }-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-
yl]acetate,

methyl  [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({(15)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-

2-yl}carbamoyl)-1,3-benzoxazol-6-yl]phenyl }-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-
yl]acetate or

(2S,4R)-1-{(2S)-3,3-dimethyl-2-[ (3-{4-[(6S)-2,3,6,9-te-
tramethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]diaz-
epin-4-yl]phenyl }prop-2-ynoyl)amino]butanoyl}-4-hy-
droxy-N-{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide, or a pharmacologically
acceptable salt thereof.

[19] A BET protein degrader comprising the compound
described in any one of [1]-[18], or a pharmacologically
acceptable salt thereof.

[20] The BET protein degrader described in [19] which is a
BRD#4 protein degrader.

[21] A BET protein inhibitor comprising the compound
described in any one of [1]-[18] or a pharmacologically
acceptable salt thereof.

[22] The BET protein inhibitor described in [19] which is a
BRD#4 protein inhibitor.

10

15

20

25

30

35

40

45

50

55

60

65

18

[23] A medicament comprising the compound described in
any one of [1]-[18] or a pharmacologically acceptable salt
thereof.

[24] The medicament described in [23] which is an antican-
cer agent.

[25] The anticancer agent described in [24] which is appli-
cable to acute myeloid leukemia, chronic myeloid leuke-
mia, multiple myeloma, diffuse large B-cell lymphoma,
adult T-cell leukemia/lymphoma, Burkitt lymphoma,
prostate cancer, ovarian cancer, bladder cancer, breast
cancer, uterine sarcoma, gastric cancer, lung cancer, col-
orectal cancer, glioma, pancreatic cancer and liver cancer.

[26] The compound described in any one of [1]-[18] or a
pharmacologically acceptable salt thereof which is used
for treating cancer.

[27] The compound described in any one of [1]-[18] or a
pharmacologically acceptable salt thereof which is used
for degrading BET protein.

[28] The compound described in any one of [1]-[18] or a
pharmacologically acceptable salt thereof which is used
for degrading BRD4 protein.

[29] The compound described in any one of [1]-[18] or a
pharmacologically acceptable salt thereof which is used
for inhibiting BET protein.

[30] The compound described in any one of [1]-[18] or a
pharmacologically acceptable salt thereof which is used
for inhibiting BRD4 protein.

[31] Use of the compound described in any one of [1]-[18]
or a pharmacologically acceptable salt thereof for pro-
ducing an anticancer agent.

[32] Use of the compound described in any one of [1]-[18]
or a pharmacologically acceptable salt thereof for pro-
ducing a BET protein degrader.

[33] Use of the compound described in any one of [1]-[18]
or a pharmacologically acceptable salt thereof for pro-
ducing a BRD4 protein degrader.

[34] Use of the compound described in any one of [1]-[18]
or a pharmacologically acceptable salt thereof for pro-
ducing a BET protein inhibitor.

[35] Use of the compound described in any one of [1]-[18]
or a pharmacologically acceptable salt thereof for pro-
ducing a BRD4 protein inhibitor.

[36] A method for treating cancer comprising administering
an effective amount of the compound described in any one
of [1]-[18] or a pharmacologically acceptable salt thereof.

[37] The treatment method described in [36] wherein the
cancer is acute myeloid leukemia, chronic myeloid leu-
kemia, multiple myeloma, diffuse large B-cell lymphoma,
adult T-cell leukemia/lymphoma, Burkitt lymphoma,
prostate cancer, ovarian cancer, bladder cancer, breast
cancer, uterine sarcoma, gastric cancer, lung cancer, col-
orectal cancer, glioma, pancreatic cancer or liver cancer.

[38] A method for degrading BET protein comprising
administering an effective amount of the compound
described in any one of [1]-[18] or a pharmacologically
acceptable salt thereof.

[39] A method for degrading BRD4 protein comprising
administering an effective amount of the compound
described in any one of [1]-[18] or a pharmacologically
acceptable salt thereof.

Effect of the Invention

The amide compound of the present invention is superior
in a cytotoxic action on cancer cells, an action inducing
degradation of BET protein in cancer cells, and an inhibitory
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action on the binding of BET protein and acetylated histone,
and useful as an anticancer agent, a BET protein degrader or
a BET protein inhibitor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a degradation inducing action of the com-
pound of the present invention on each protein of BRD2, 3,
4 in human acute myeloid leukemia MV-4-11 cells.

FIG. 2 shows an antitumor effect of the compound of the
present invention in mouse transplanted with human acute
myeloid leukemia MV-4-11 cells.

FIG. 3 shows a degrading BRD4 protein action of the
compound of the present invention in human acute myeloid
leukemia MV-4-11 cell transplanted tumor.

DESCRIPTION OF EMBODIMENTS

The compound of the present invention is a compound
represented by the formula (I) or a pharmacologically
acceptable salt thereof. In the present specification, the
“compound represented by the formula (I) or a pharmaco-
logically acceptable salt thereof” is sometimes referred to
generically as the compound of the present invention.

In the following, the meanings of the terms used in the
present specification are described and the present invention
is further described in detail. The following explanation of
the terms does not limit the present invention in any manner.

The halogen atom is a fluorine atom, a chlorine atom, a
bromine atom or an iodine atom.

The alkyl having 1-3 carbon atoms is a straight chain or
branched chain saturated hydrocarbon group having 1-3
carbon atoms and specific examples thereof include methyl,
ethyl, propyl, methylethyl and the like.

The alkyl having 1-6 carbon atoms is a straight chain or
branched chain saturated hydrocarbon group having 1-6
carbon atoms and specific examples thereof include methyl,
ethyl, propyl, methylethyl, butyl, methylpropyl, dimethyl-
ethyl, pentyl, methylbutyl, dimethylpropyl, ethylpropyl,
hexyl, methylpentyl, ethylbutyl, dimethylbutyl, trimethyl-
propyl, ethylmethylpropyl and the like.

The cycloalkane having 3-6 carbon atoms is a saturated
hydrocarbon ring having 3-6 carbon atoms and specific
examples thereof include cyclopropane, cyclobutane, meth-
ylcyclopropane, cyclopentane, dimethylcyclopropane, eth-
yleyclopropane, methylcyclobutane, cyclohexane, trimeth-
yleyclopropane,  ethylmethylcyclopropane,  dimethylc-
yclobutane, ethylcyclobutane, methylcyclohexane and the
like.

The cycloalkyl having 3-6 carbon atoms is a monovalent
group obtained by removing one hydrogen atom from the
aforementioned cycloalkane having 3-6 carbon atoms and
specific examples thereof include cyclopropyl, cyclobutyl,
methylcyclopropyl, cyclopentyl, dimethylcyclopropyl, eth-
yleyclopropyl, methylcyclobutyl, cyclohexyl, trimethylcy-
clopropyl, ethylmethylcyclopropyl, dimethylcyclobutyl,
ethylcyclobutyl, methylcyclohexyl and the like.

The alkenyl having 2-6 carbon atoms is a straight chain or
branched chain hydrocarbon group having 2-6 carbon atoms
and one double bond and specific examples thereof include
ethenyl, propenyl, methylethenyl, butenyl, methylpropenyl,
ethylethenyl, pentenyl, methylbutenyl, dimethylpropenyl,
ethylpropenyl, propylethenyl, 1-(1-methylethyl)-ethenyl,
hexenyl, methylpentenyl, dimethylbutenyl, ethylbutenyl,
trimethylpropenyl, ethylmethylpropenyl, 1-(1-methylethyl)-
propenyl and the like.
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The alkynyl having 2-6 carbon atoms is a straight chain or
branched chain hydrocarbon group having 2-6 carbon atoms
and one triple bond and specific examples thereof include
ethynyl, propynyl, butynyl, methylpropynyl, pentynyl,
methylbutynyl, dimethylpropynyl, ethylpropynyl, hexynyl,
methylpentynyl, dimethylbutynyl, ethylbutynyl, ethylmeth-
ylpropynyl, propylpropynyl, (1-methylethyl)propynyl and
the like.

The aromatic hydrocarbon having 6-10 carbon atoms is
benzene or naphthalene. The partially reduced aromatic
hydrocarbon having 6-10 carbon atoms is, for example,
cyclohexene, cyclohexadiene, dihydronaphthalene or tetra-
hydronaphthalene.

The aryl having 6-10 carbon atoms is an aromatic hydro-
carbon group having 6-10 carbon atoms and specific
examples thereof include phenyl and naphthyl.

The “heteroaryl having 1 to 6 hetero atoms selected from
a nitrogen atom, an oxygen atom and a sulfur atom and
containing 5 to 10 ring-constituting atoms” is a monovalent
group obtained by removing one hydrogen atom from mono-
cyclic aromatic heterocycle having 1 to 4 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 5 or 6 ring-constituting atoms, a fused
ring of the monocyclic aromatic heterocycle and benzene, or
a fused ring constituted of the same or different two mono-
cyclic aromatic heterocycles having 1 to 3 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 5 or 6 ring-constituting atoms. Specific
examples include pyrrolyl, furyl, thienyl, pyrazolyl, imida-
zolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, furazanyl, pyridyl, pyranyl, thiopyranyl,
pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, oxazinyl, thi-
azinyl, tetrazinyl, benzopyrrolyl, benzoturanyl, benzothie-
nyl, benzoxazolyl, benzisoxazolyl, benzopyrazolyl, benz-
imidazolyl, benzothiazolyl, benzisothiazolyl, benzopyridyl,
benzopyridazinyl, benzopyrimidinyl, benzopyrazinyl, ben-
zoxazodinyl, benzothiazinyl, naphthyridinyl, thienofuranyl,
pyrazolooxazolyl, imidazothiazolyl, pyrazinopyridazinyl,
imidazothiazolyl and the like.

The heterocyclic group having 1 to 6 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 3 to 10 ring-constituting atoms is the
aforementioned heteroaryl having 1 to 6 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 5 to 10 ring-constituting atoms, a group
in which one part or all parts of heteroaryl are reduced or a
group in which one or two or more carbon atoms of
cyclopropyl and cyclobutyl are substituted by a nitrogen
atom, an oxygen atom or a sulfur atom. Specific examples
include the aforementioned specific examples of the het-
eroaryl having 1 to 6 hetero atoms selected from a nitrogen
atom, an oxygen atom and a sulfur atom and containing 5 to
10 ring-constituting atoms, as well as aziridinyl, azetidinyl,
dihydropyrrolyl, pyrrolidinyl, dihydrofuryl, tetrahydrofuryl,
dihydrothienyl, tetrahydrothienyl, dihydropyridyl, tetrahy-
dropyridyl, piperidinyl, dihydropyranyl, tetrahydropyranyl,
thiopyranyl, dihydrothiopyranyl, tetrahydrothiopyranyl,
dihydropyrazolyl, tetrahydropyrazolyl, imidazolyl, dihydro-
imidazolyl, tetrahydroimidazolyl, dihydroisoxazolyl, tetra-
hydroisoxazolyl, dihydrooxazolyl, tetrahydrooxazolyl,
dihydroisothiazolyl, tetrahydroisothiazolyl, dihydrothiaz-
olyl, tetrahydrothiazolyl, dihydropyridazinyl, tetrahydro-
pyridazinyl, hexahydropyridazinyl, dihydropyrimidinyl, tet-
rahydropyrimidinyl, hexahydropyrimidinyl, dihydropyr-
azinyl, tetrahydropyrazinyl, piperazinyl, dihydrooxazinyl,
tetrahydrooxazinyl, dihydrothiazinyl, tetrahydrothiazinyl,
dihydrobenzopyrrolyl, benzopyrrolidinyl, dihydrobenzo-
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furanyl, dihydrobenzothienyl, dihydrobenzopyridyl, benzo-
piperidinyl, dihydrobenzopyranyl, dihydrobenzothiopyra-
nyl,  dihydrobenzopyrazolyl,  dihydrobenzimidazolyl,
dihydrobenzisoxazolyl, dihydrobenzoxazolyl, dihydroben-
zisothiazolyl, dihydrobenzothiazolyl, dihydrobenzo-
pyridazinyl, tetrahydrobenzopyridazinyl, dihydrobenzopy-
rimidinyl,  tetrahydrobenzopyrimidinyl, dihydrobenzo-
pyrazinyl, benzopiperazinyl, dihydrobenzoxazinyl, dihyd-
robenzothiazinyl and the like.

The “hetero ring having 1-6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 3 to 10 ring-constituting atoms” is
1) a monocyclic aromatic heterocycle containing 1-4 hetero

atoms selected from a nitrogen atom, an oxygen atom and
a sulfur atom and containing 5 or 6 ring-constituting
atoms
2) a fused ring of the monocyclic aromatic heterocycle of the
above-mentioned 1) and benzene

3) a fused ring constituted of the same or different two
monocyclic aromatic heterocycles having 1 to 3 hetero
atoms selected from a nitrogen atom, an oxygen atom and
a sulfur atom and containing 5 or 6 ring-constituting
atoms
4) heterocycle in which one or all parts of the above-
mentioned 1)-3) are reduced or

5) heterocycle in which one or two or more carbon atoms of

cyclopropyl and cyclobutyl are substituted by a nitrogen
atom, an oxygen atom or a sulfur atom. The aforemen-
tioned “heteroaryl having 1 to 6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur atom
and containing 5 to 10 ring-constituting atoms” and the
“heterocyclic group having 1 to 6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur atom
and containing 3 to 10 ring-constituting atoms” are each
a monovalent group obtained by removing one hydrogen
atom from “a hetero ring having 1 to 6 hetero atoms
selected from a nitrogen atom, an oxygen atom and a
sulfur atom and containing 3 to 10 ring-constituting
atoms”. Therefore, recitation of specific examples of the
“hetero ring having 1-6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 3 to 10 ring-constituting atoms” is omitted
here. The specific examples are the same as those recited
for the “heteroaryl having 1 to 6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur atom
and containing 5 to 10 ring-constituting atoms” and the
“heterocyclic group having 1 to 6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur atom
and containing 3 to 10 ring-constituting atoms”. Since the
recited examples are described in a form expressing
groups, it is necessary to read differently in a form
expressing heterocycles as appropriate, for example, pyr-
rolyl as pyrrole and aziridinyl as aziridine.

The bicyclo ring having 4-12 carbon atoms is a saturated
or unsaturated hydrocarbon ring having 4-12 carbon atoms
in total and constituted only of two rings commonly having
two or more atoms. Specific examples include bicyclobu-
tane, bicyclopentane, bicyclohexane, bicycloheptane, bicy-
clooctane, bicyclononane, bicyclodecane, bicycloundecane,
bicyclododecane, methylbicyclobutane, ethylbicyclopen-
tane, bicyclobutene, bicyclopentene and the like.

The bicyclohetero ring having 1-6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur atom and
containing 4 to 12 ring-constituting atoms is a ring in which
1-6 carbon atoms of the aforementioned bicyclo ring having
4-12 carbon atoms are substituted by a nitrogen atom, an
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oxygen atom or a sulfur atom. Specific examples include
azabicycloheptane, oxabicycloheptane, thiabicycloheptane
and the like.

The spiro ring having 6-12 carbon atoms is a saturated or
unsaturated hydrocarbon ring having 6-12 carbon atoms in
total in which two rings are bonded together by only one
atom. Specific examples include spirohexane, spiroheptane,
spirooctane, spirononane, spirodecane, spiroundecane,
spirododecane, spirodecene, spirodecadiene, dispirodecane,
methylspiroheptane and the like.

The spirohetero ring having 1-6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur atom and
containing 6 to 12 ring-constituting atoms is a ring in which
1-6 carbon atoms of the aforementioned spiro ring having
6-12 carbon atoms are substituted by a nitrogen atom, an
oxygen atom or a sulfur atom.

The arylalkyl having 7-16 carbon atoms is alkyl having
1-6 carbon atoms substituted by the aforementioned aryl
having 6-10 carbon atoms. Specific examples include ben-
zyl, phenethyl, naphthylmethyl and the like.

In the present specification, the number of substituents
when “substituted” is one or two or more unless particularly
indicated, and the kind of the substituents may be the same
or different.

Preferable embodiments of the above-mentioned formula
() are explained below.

A is preferably the following formula (Aa) or (Ab), more
preferably (Aa).

. (Aa)
R RS
—
S
=
X N
(Ab)

R'® is preferably a hydrogen atom, a halogen atom,
unsubstituted or substituted alkyl having 1-6 carbon atoms
or an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms, and more preferably unsubstituted or
substituted heteroaryl having 1 to 6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur atom and
containing 5 to 10 ring-constituting atoms. The heterocyclic
group or heteroaryl for R'“ is preferably heteroaryl having 1
or 2 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 5 ring-constituting
atoms, more preferably thiazole. A preferable embodiment
of R'* is 4-methyl-1,3-thiazol-5-yl. The bonding position of
R'“ is preferably
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Rr2

S

\ / /it

Rlb

R'? is preferably a hydrogen atom, a halogen atom or
unsubstituted or substituted alkyl having 1-6 carbon atoms,
more preferably a hydrogen atom.

R? is preferably a hydrogen atom or unsubstituted or
substituted alkyl having 1-6 carbon atoms, more preferably
a hydrogen atom or unsubstituted or substituted alkyl having
1-3 carbon atoms, particularly preferably a hydrogen atom
or methyl. The steric configuration of R? is preferably

R? is preferably unsubstituted or substituted alkyl having
1-6 carbon atoms, more preferably 1,1-dimethylethyl. The
steric configuration of R is preferably

R3
%W/k”k
(6]

R* is preferably a hydrogen atom, a halogen atom or
unsubstituted or substituted alkyl having 1-6 carbon atoms,
more preferably a hydrogen atom.

R* is preferably a hydrogen atom.

R>“ is preferably a hydrogen atom, a halogen atom or
unsubstituted or substituted alkyl having 1-6 carbon atoms,
more preferably unsubstituted or substituted alkyl having
1-6 carbon atoms, particularly preferably methyl.

R>® is preferably a hydrogen atom, a halogen atom or
unsubstituted or substituted alkyl having 1-6 carbon atoms,
more preferably unsubstituted or substituted alkyl having
1-6 carbon atoms, particularly preferably methyl.

RS is preferably hydroxy, unsubstituted or substituted
alkyl having 1-6 carbon atoms, —(CH,),—CO—OR®',
—(CH,),—CO—NR)R®), ~(CH,),—R*,
—N(R*)—CO—OR®°, —N(R%)—CO—NR )R,
—N(R%)—CO—R®* or —N(R®'°)(R%*'1), more preferably
—(CH,);—CO—OR®".

k is preferably an integer of 1-3, more preferably an
integer of 1-2, particularly preferably 1.

m is preferably an integer of 1-3, more preferably an
integer of 1-2, particularly preferably 1.

n is preferably an integer of 1-3, more preferably an
integer of 1-2, particularly preferably 1.

R is preferably unsubstituted or substituted alkyl having
1-6 carbon atoms, more preferably methyl.

R is preferably a hydrogen atom, unsubstituted or sub-
stituted alkyl having 1-6 carbon atoms or unsubstituted or
substituted alkyl having 1-6 carbon atoms-O-unsubstituted
or substituted alkyl having 1-6 carbon atoms, more prefer-
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ably unsubstituted or substituted alkyl having 1-6 carbon
atoms or unsubstituted or substituted alkyl having 1-6 car-
bon atoms-O-unsubstituted or substituted alkyl having 1-6
carbon, particularly preferably alkyl having 1-6 carbon
atoms (particularly, ethyl) substituted by hydroxy or alkyl
having 1-6 carbon atoms (particularly, n-propyl) substituted
by hydroxy-O-unsubstituted alkyl having 1-6 carbon atoms
(particularly, ethyl).

R® is preferably a hydrogen atom.

R%* is preferably unsubstituted or substituted heteroaryl
having 1 to 6 hetero atoms selected from a nitrogen atom, an
oxygen atom and a sulfur atom and containing 5 to 10
ring-constituting atoms, more preferably unsubstituted or
substituted oxadiazolyl, particularly preferably oxadiazolyl
substituted by unsubstituted alkyl having 1-6 carbon atoms
(particularly, methyl).

R% is preferably a hydrogen atom or unsubstituted or
substituted alkyl having 1-6 carbon atoms, more preferably
a hydrogen atom or unsubstituted alkyl having 1-6 carbon
atoms (particularly, methyl).

R% is preferably unsubstituted or substituted alkyl having
1-6 carbon atoms, more preferably unsubstituted alkyl hav-
ing 1-6 carbon atoms, particularly preferably methyl, ethyl
or tert-butyl.

R® is preferably a hydrogen atom or unsubstituted or
substituted alkyl having 1-6 carbon atoms, more preferably
unsubstituted or substituted alkyl having 1-6 carbon atoms,
particularly preferably unsubstituted alkyl having 1-6 car-
bon atoms (particularly, methyl).

R® is preferably a hydrogen atom or unsubstituted or
substituted alkyl having 1-6 carbon atoms, more preferably
unsubstituted or substituted alkyl having 1-6 carbon atoms,
particularly preferably unsubstituted alkyl having 1-6 car-
bon atoms (particularly, methyl).

R is preferably unsubstituted or substituted alkyl having
1-6 carbon atoms, preferably alkyl having 1-6 carbon atoms
(particularly, methyl) substituted, by unsubstituted alkyl
having 1-6 carbon atoms (particularly, methyl) or unsubsti-
tuted alkyl having 1-6 carbon atoms (particularly, methyl)-
o—.

R is preferably a hydrogen atom or unsubstituted or
substituted alkyl having 1-6 carbon atoms, more preferably
a hydrogen atom.

R®! is preferably a hydrogen atom or unsubstituted or
substituted alkyl having 1-6 carbon atoms, more preferably
a hydrogen atom.

R7 is preferably a hydrogen atom, unsubstituted or sub-
stituted alkyl having 1-6 carbon atoms, more preferably
unsubstituted or substituted alkyl having 1-6 carbon atoms,
particularly preferably unsubstituted alkyl having 1-6 car-
bon atoms (particularly, methyl).

R®“ is preferably a hydrogen atom.

R® is preferably a halogen atom, hydroxy or unsubsti-
tuted or substituted alkyl having 1-3 carbon atoms, more
preferably hydroxy.

R® is preferably a hydrogen atom, a halogen atom or
unsubstituted or substituted alkyl having 1-3 carbon atoms,
more preferably a hydrogen atom.

R* is preferably a hydrogen atom, a halogen atom or
unsubstituted or substituted alkyl having 1-3 carbon atoms,
more preferably a hydrogen atom.



US 11,542,273 B2

25

The steric configuration of R®*” and R®® is preferably

L is a group obtained by freely selecting and combining
1-50 from —C(R*HR*?)—, —CRP)=CR**)—, —S—,
—NR*)—, —SO—, —SO,— and

the number of ring D is preferably 5 at maximum, a group
obtained by freely selecting and combining —C(R*)
(R**)— in the number of 0-20, —C(R%*)=C(R**)— in the
number of 0-1, —O— in the number of 0-10, —S— in the
number of 0-1, —N(R**)— in the number of 0-1, and

in the number of 0-3 is more preferable, and all or one part
of L does not show —O—0—, —S—S— —NR*)—N
R®)—, —O0—-S— S0 —O-NRF)—,
—NR”)—0—, —S—NR"**)— or —NR**)—S—.

R*! is preferably a hydrogen atom, a halogen atom,
hydroxy, oxo, unsubstituted or substituted alkyl having 1-6
carbon atoms or unsubstituted or substituted alkyl having
1-6 carbon atoms-O—, more preferably a hydrogen atom, a
halogen atom (particularly, fluorine atom), oxo or unsubsti-
tuted alkyl having 1-6 carbon atoms (particularly, methyl).

R%? is preferably a hydrogen atom, a halogen atom or
unsubstituted or substituted alkyl having 1-6 carbon atoms,
more preferably a hydrogen atom or a halogen atom (par-
ticularly, fluorine atom).

In another preferable embodiment, R** and R*? are joined
to form —CH,—CH,—.

R is preferably a hydrogen atom, a halogen atom or
unsubstituted or substituted alkyl having 1-6 carbon atoms,
more preferably a hydrogen atom.

R is preferably a hydrogen atom, a halogen atom or
unsubstituted or substituted alkyl having 1-6 carbon atoms,
more preferably a hydrogen atom.

R%® is preferably a hydrogen atom, unsubstituted or sub-
stituted alkyl having 1-6 carbon atoms or unsubstituted or
substituted alkyl having 1-6 carbon atoms-CO—, more
preferably a hydrogen atom or unsubstituted or substituted
alkyl having 1-6 carbon atoms, particularly preferably a
hydrogen atom or unsubstituted alkyl having 1-6 carbon
atoms (particularly, methyl).

R%® is preferably a hydrogen atom, a halogen atom, cyano,
hydroxy, oxo, unsubstituted or substituted alkyl having 1-6
carbon atoms or unsubstituted or substituted alkyl having
1-6 carbon atoms-O—, more preferably a hydrogen atom, a
halogen atom (particularly, fluorine atom, chlorine atom),
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cyano, oxo, unsubstituted or substituted alkyl having 1-6
carbon atoms (particularly, methyl, trifluoromethyl,

hydroxymethyl) or unsubstituted or substituted alkyl having
1-6 carbon atoms (particularly, methyl, trifluoromethyl)-
o—.

R*® is preferably a hydrogen atom or a halogen atom
(particularly, fluorine atom), more preferably a hydrogen
atom.

Ring D is preferably cycloalkane having 3-6 carbon atoms
(e.g., cyclopropane, cyclobutane), optionally partially
reduced aromatic hydrocarbon having 6-10 carbon atoms
(e.g., benzene), a hetero ring having 1-6 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 3 to 10 ring-constituting atoms (e.g.,
azetidine, pyrrolidine, piperidine, piperazine, tetrahydro-
pyridine, dihydroindole, dihydroquinoline, dihydroisoqui-
noline, thiophene, pyrazole, pyridine, pyrimidine, pyrazine,
benzofuran, benzopyrazole, benzoxazole, benzothiazole) or
a bicyclo ring having 4-12 carbon atoms (e.g., bicyclo[1.1.1]
pentane), more preferably aromatic hydrocarbon having
6-10 carbon atoms or a hetero ring having 1-6 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 3 to 10 ring-constituting atoms, par-
ticularly preferably benzene, pyrrolidine, benzofuran, ben-
zoxazole or benzothiazole. Besides these, preferable
examples of ring D include preferable examples of ring D,
ring D? and ring D¢ shown below. Cycloalkane having 3-6
carbon atoms in ring D, ring D% ring D’ and ring D¢ is
preferably cycloalkane having 4-6 carbon atoms.

Preferable embodiments of L include

—(CHy),—; —O0—(CHy),—;
. RLSa’.
—(0—(CHy)g),—O—(CHy),— 4‘7
RLSa
RLSa’ RLSa’
o—<CHz>p— ; s—(CHz>p— ;
RLSa RLSa
(CHp),— CH=CH—
RIS RI8a RIs# RI8a
(CHy),—O0— (CHy),— |
RIS RI8a
(O— (CHy)),—O— (CHy),— |
RLSa’ RLSa
N(RLS”) (CHp)p— .
RLSa’ RLSa
CO——N(R5)— (CHy),— |
RLSa’ RLSa
N(R39)—CO— (CHy),—(0— (CHy),),—0—(CH,),— :
RL&IV RL&z
RLSb'. RLSa' RLSb'.
RISY RISa RISH RISa RISH
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-continued

R

R 184 RLSa

RLSb'.

>

RLSb
RLSb'.

RIS RISa RISE

RIS Ri8a RISV RIS

A
& |

RIS RE RISE

(CHy),—O

RLSb’
RLSb

RL&z’

RLSa R sy RLSC' RLSC

O—(CHy),— .

RIS RI8a

CO—(CHZ)SO—(CHZ)I,— _

RLSa

_N(RLSH)

RI8

—N(RLS”)—CO—(CHz)s(O— (CHy))y—O—(CHy),—

RIsT RIS

O—C(REay R4

RLSa

(CHp)p1— or

RLSa’

CO_N(RLSa)_C(RLla)(RLZa)

RL&IV RLSa

(CHp)p1—

wherein a left bond is bonded to a benzene ring, and a right
bond is bonded to substituent W. More preferable embodi-
ments include

. O—<CH2>,,— .

RLSa RLSa
—()—o—(2)—
RISa RISH
CO—NH o
RISa RISH
CO—NH—(CHZ),—O
RISa RIS

wherein a left bond is bonded to a benzene ring, and a right
bond is bonded to substituent W.

p is preferably an integer of 1-3, more preferably 1.

q is preferably 2.

r is preferably 1, 2, 3, 4 or 7.

s is preferably 2.

t is preferably 1 or 2, more preferably 2.

Ring D¢, ring D and ring D* are the same or different and
each is independently cycloalkane having 3-6 carbon atoms,
benzene, azetidine, pyrrole, dihydropyrrole, pyrrolidine,
furan, dihydrofuran, tetrahydrofuran, thiophene, dihydrothi-
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ophene, tetrahydrothiophene, pyridine, dihydropyridine, tet-
rahydropyridine, piperidine, pyrazole, dihydropyrazole, tet-

rahydropyrazole, isoxazole, dihydroisoxazole,
tetrahydroisoxazole, oxazole, dihydrooxazole, tetrahy-
drooxazole, isothiazole, dihydroisothiazole, tetrahydroiso-
thiazole, thiazole, dihydrothiazole, tetrahydrothiazole,

pyridazine, dihydropyridazine, tetrahydropyridazine, hexa-
hydropyridazine, pyrimidine, dihydropyrimidine, tetrahy-
dropyrimidine, hexahydropyrimidine, pyrazine, dihydropy-
razine, tetrahydropyrazine, piperazine, benzopyrrole,
dihydrobenzopyrrole, benzopyrrolidine, benzofuran, dihyd-
robenzofuran, benzothiophene, dihydrobenzothiophene,
benzopyridine, dihydrobenzopyridine, benzopiperidine,
benzopyrazole, dihydrobenzopyrazole, benzisoxazole, dihy-
drobenzisoxazole, benzoxazole, dihydrobenzoxazole, ben-
zisothiazole, dihydrobenzisothiazole, benzothiazole, dihyd-
robenzothiazole, benzopyridazine, dihydrobenzopyridazine,
tetrahydrobenzopyridazine, benzopyrimidine, dihydroben-
zopyrimidine, tetrahydrobenzopyrimidine, benzopyrazine,
dihydrobenzopyrazine, benzopiperazine or a bicyclo ring
having 4-12 carbon atoms, more preferably cycloalkane
having 3-6 carbon atoms, benzene, azetidine, pyrrole, dihy-
dropyrrole, pyrrolidine, thiophene, dihydrothiophene, tetra-
hydrothiophene, pyridine, dihydropyridine, tetrahydropyri-
dine, piperidine, pyrazole, dihydropyrazole,
tetrahydropyrazole, pyrimidine, dihydropyrimidine, tetrahy-
dropyrimidine, hexahydropyrimidine, pyrazine, dihydropy-
razine, tetrahydropyrazine, piperazine, benzopyrrole, dihy-

drobenzopyrrole, benzopyrrolidine, benzofuran,
dihydrobenzofuran, benzopyridine, dihydrobenzopyridine,
benzopiperidine, benzopyrazole, dihydrobenzopyrazole,

benzoxazole, dihydrobenzoxazole, benzothiazole, dihyd-
robenzothiazole or a bicyclo ring having 4-12 carbon atoms.

Ring D? is more preferably benzene, azetidine, pyrrole,
dihydropyrrole, pyrrolidine, thiophene, dihydrothiophene,
tetrahydrothiophene, pyridine, dihydropyridine, tetrahydro-
pyridine, piperidine, pyrazole, dihydropyrazole, tetrahydro-
pyrazole, pyrimidine, dihydropyrimidine, tetrahydropyrimi-
dine, hexahydropyrimidine, pyrazine, dihydropyrazine,
tetrahydropyrazine, piperazine, benzopyrrole, dihydroben-
zopyrrole, benzopyrrolidine, benzofuran, dihydrobenzo-
furan, benzopyridine, dihydrobenzopyridine, benzopiperi-
dine, benzopyrazole, dihydrobenzopyrazole, benzoxazole,
dihydrobenzoxazole, benzothiazole or dihydrobenzothiaz-
ole, further preferably benzene, azetidine, pyrrolidine, thio-
phene, pyridine, tetrahydropyridine, piperidine, pyrazole,
pyrimidine, pyrazine, piperazine, benzopyrrolidine, benzo-
furan, benzopiperidine, benzopyrazole, benzoxazole or ben-
zothiazole, particularly preferably benzene, pyrrolidine,
benzoxazole or benzothiazole.

Ring D? is more preferably cycloalkane having 3-6 carbon
atoms, benzene, pyrrole, dihydropyrrole, pyrrolidine, pyri-
dine, dihydropyridine, tetrahydropyridine, piperidine, pyra-
zine, dihydropyrazine, tetrahydropyrazine, piperazine, ben-
zofuran, dihydrobenzofuran or a bicyclo ring having 4-12
carbon atoms, further preferably cycloalkane having 3-6
carbon atoms, benzene, pyrrolidine, pyridine, piperidine,
pyrazine, benzofuran or a bicyclo ring having 4-12 carbon
atoms, particularly preferably benzofuran.

Ring D¢ is more preferably benzofuran or dihydrobenzo-
furan, further preferably benzofuran.

In preferable embodiments, ring D* and ring D are the
same or different and each is independently benzene, pyr-
rolidine, benzofuran or benzoxazole.

R*!“ is preferably unsubstituted alkyl having 1-6 carbon
atoms or a halogen atom, more preferably methyl or a
halogen atom.
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R%X2“ is preferably a hydrogen atom or a halogen atom.

R4 is preferably a hydrogen atom or unsubstituted alkyl
having 1-6 carbon atoms, more preferably a hydrogen atom
or methyl, particularly preferably a hydrogen atom.

RX% is preferably a hydrogen atom, a halogen atom,
cyano, oxo, unsubstituted or substituted alkyl having 1-3
carbon atoms or unsubstituted or substituted alkyl having
1-3 carbon atoms-O—, more preferably a hydrogen atom, a
halogen atom, cyano, oxo, unsubstituted alkyl having 1-3
carbon atoms, alkyl having 1-3 carbon atoms and substituted
by a halogen atom or hydroxy, unsubstituted alkyl having
1-3 carbon atoms-O— or alkyl having 1-3 carbon atoms and
substituted by a halogen atom-O—, particularly preferably a
hydrogen atom, a halogen atom or cyano.

RX® is preferably a hydrogen atom or a halogen atom,
more preferably a hydrogen atom.

RZ® RZ®%" RZ%¢ and R¥*“ are each preferably a hydrogen
atom.

In addition to the above, a preferable embodiment of L is
—C=C—.

W is preferably

(Wa)
R3

R™ is preferably a hydrogen atom or unsubstituted or
substituted alkyl having 1-6 carbon atoms, more preferably
a hydrogen atom.

Both X and Y are preferably nitrogen atoms.

Preferable examples of a compound represented by the
formula (I) include the following compounds.

[Compound I-A]

A compound represented by the formula (I) wherein A is

the following formula

(Aa)

R'“ and R*? are the same or different and each is inde-
pendently

a hydrogen atom or

an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms (e.g., thiazolyl);

R?is

a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R? is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., 1,1-dimethylethyl);

R** and R* are each a hydrogen atom;
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R>* and R®® are the same or different and each is inde-
pendently unsubstituted or substituted alkyl having 1-6
carbon atoms (e.g., methyl);

RYis

hydroxy,

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl, ethyl),

—(CH,);—CO—OR"",

—CH,),,—CO—N(R*)(R%)

—(CH,),—R"*,

—N(R*)—CO—OR,

—NR®)—CO—NR*)R),

—N(R*)—CO—R* or

7N(R610)(R611);

k, m and n are each is an integer of 1-4;

R%2, R®, R%” and R®® are the same or different and each
is independently

a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl, ethyl) or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., n-propyl)-O-unsubstituted or substituted alkyl
having 1-6 carbon atoms (e.g., ethyl);

R®* is unsubstituted or substituted heteroaryl having 1 to
6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 5 to 10 ring-
constituting atoms (e.g., oxadiazolyl);

R” is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R® is a hydrogen atom; or

R® R® and R® are the same or different and each is
independently

a hydrogen atom or

hydroxy;

L is a group obtained by freely selecting and combining

1-50 from

—CRIHR?)—,
—CR™)=CR")—,
—C=C—,
0,
S,
—N(R*)—, and
RIS
:§ RIS

the number of ring D is 5 at maximum and all or one part of
L does not show —O0—0O— —S—S— —NR*”)>—N
R*)—, —O0—-S— S0, —O-NRF¥)—,

—NR”)—0—, —S—NR"*)— or —NR**)—S—;

ring D is

cycloalkane having 3-6 carbon atoms (e.g., cyclopropane,
cyclobutane),

optionally partially reduced aromatic hydrocarbon having
6-10 carbon atoms (e.g., benzene),

a hetero ring having 1-6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 3 to 10 ring-constituting atoms (e.g., azetidine,
pyrrolidine, piperidine, piperazine, tetrahydropyridine,
dihydroindole, dihydroquinoline, dihydroisoquinoline, thio-
phene, pyrazole, pyridine, pyrimidine, pyrazine, benzofuran,
benzopyrazole, benzoxazole, benzothiazole) or

a bicyclo ring having 4-12 carbon atoms (e.g., bicyclo
[1.1.1]pentane);
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R*, R*? R™® and R*® are the same or different and each
is independently

a hydrogen atom,

a halogen atom (e.g., fluorine atom, chlorine atom),

cyano,

oxo, provided that when R*! is oxo, then R*? is absent,

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl) or

unsubstituted or substituted alkyl having 1-6 carbon 0

atoms (e.g., methyl)-O—;
R*® and R** are each a hydrogen atom;
R is
a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon

atoms (e.g., methyl);
W is the following formula (Wa)
(Wa)
R3
(€]
N ;
Ir |
RWI

X is a nitrogen atom and Y is a nitrogen atom;

R®!, R% R® R R and R™! are the same or different
and each is independently

a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl, ethyl, tert-butyl);

R is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

when alkyl having 1-6 carbon atoms is substituted, it is
substituted by one or two or more groups selected from a
halogen atom (e.g., fluorine atom), hydroxy and alkyl having
1-6 carbon atoms (e.g., methyl)-O—,

when a heterocyclic group having 1 to 6 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 3 to 10 ring-constituting atoms; and
heteroaryl having 1 to 6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 5 to 10 ring-constituting atoms are substituted,
they are substituted by one or two or more groups selected
from alkyl having 1-6 carbon atoms (e.g., methyl).
[Compound 1-B]

A compound represented by the formula (I) wherein A is
the following formula

(Aa)

R'“ is an unsubstituted or substituted heterocyclic group
having 1 to 6 hetero atoms selected from a nitrogen atom, an
oxygen atom and a sulfur atom and containing 3 to 10
ring-constituting atoms (e.g., thiazolyl);

R'? is a hydrogen atom;
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R?is

a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R? is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., 1,1-dimethylethyl);

R* is a hydrogen atom;

R*" is a hydrogen atom;

R’“is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R>? is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

RYis

hydroxy,

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl, ethyl),

—(CH,),—CO—OR%,

—(CH,),,—CO—N(R*)R?).

—(CH,),—R*,

—N(R%)—CO—OR®,

—NR®)—CO—NR)R®),

—N(R*)—CO—R* or

7N(R610)(R611);

k, m and n are each an integer of 1-4;

R®! is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R% is

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., ethyl) or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., n-propyl)-O— unsubstituted or substituted alkyl
having 1-6 carbon atoms (e.g., ethyl);

R® is a hydrogen atom;

R®* is unsubstituted or substituted heteroaryl having 1 to
6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 5 to 10 ring-
constituting atoms (e.g., oxadiazolyl);

R% is

a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R% is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl, ethyl, tert-butyl);

R®” is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R is a hydrogen atom;

R®! is a hydrogen atom;

R” is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R® is a hydrogen atom;

R®* is hydroxy;

R®° is a hydrogen atom;

R® is a hydrogen atom;

L is a group obtained by freely selecting and combining
1-50 from

—CRIDR™)—,
—CRZ)=CR")—,
—C=C—,

0,

S,

—NR"*)—, and
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RLS'
E RLS
the number of ring D is 5 at maximum and all or one part of
L does not show —O—0O—, —S—S—, —N(R*)—N
R*®)— —O0-S— S0 —O-NRY—,
—NR*)—0—, —S—NR®)— or —N(R**)—S—;
ring D is

cycloalkane having 3-6 carbon atoms (e.g., cyclopropane,
cyclobutane),

optionally partially reduced aromatic hydrocarbon having
6-10 carbon atoms (e.g., benzene),

a hetero ring having 1-6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 3 to 10 ring-constituting atoms (e.g., azetidine,
pyrrolidine, piperidine, piperazine, tetrahydropyridine,
dihydroindole, dihydroquinoline, dihydroisoquinoline, thio-
phene, pyrazole, pyridine, pyrimidine, pyrazine, benzofuran,
benzopyrazole, benzoxazole, benzothiazole) or

a bicyclo ring having 4-12 carbon atoms (e.g., bicyclo
[1.1.1]pentane);

R is

a hydrogen atom,

a halogen atom (e.g., fluorine atom),

oxo, provided that when R*! is oxo, then R*? is absent, or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R*?is

a hydrogen atom or

a halogen atom (e.g., fluorine atom);

R%? is a hydrogen atom;

R is a hydrogen atom;

R is

a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R*® is

a hydrogen atom,

a halogen atom (e.g., fluorine atom, chlorine atom),

cyano,

0X0,

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl) or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl)-O—;

RE® is

a hydrogen atom or

a halogen atom (e.g., fluorine atom);

W is the following formula (Wa)

(Wa)
R3

R™ is a hydrogen atom;

X is a nitrogen atom and Y is a nitrogen atom;

when alkyl having 1-6 carbon atoms is substituted, it is
substituted by one or two or more groups selected from a
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halogen atom (e.g., fluorine atom), hydroxy and alkyl having
1-6 carbon atoms (e.g., methyl)-O—,

when a heterocyclic group having 1 to 6 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 3 to 10 ring-constituting atoms; and
heteroaryl having 1 to 6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 5 to 10 ring-constituting atoms are substituted,
they are substituted by one or two or more groups selected
from alkyl having 1-6 carbon atoms (e.g., methyl).
[Compound I-C]

A compound represented by the formula (I) wherein A is
the following formula

(Aa)

R'“ and R*® are the same or different and each is inde-
pendently

a hydrogen atom or

an unsubstituted or substituted heterocyclic group having
1 to 6 hetero atoms selected from a nitrogen atom, an oxygen
atom and a sulfur atom and containing 3 to 10 ring-
constituting atoms (e.g., thiazolyl);

R?is

a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R? is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., 1,1-dimethylethyl);

R* and R* are each a hydrogen atom;

R>* and R®® are the same or different and each is inde-
pendently unsubstituted or substituted alkyl having 1-6
carbon atoms (e.g., methyl);

R%is

hydroxy,

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl),

—(CH,);—CO—O0R?,

—N(R*)—CO—OR® or

—N(R®*)—CO—R;

k is an integer of 1-4;

R” is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R®“ is a hydrogen atom;

R®%, R®¢ and R®? are the same or different and each is
independently

a hydrogen atom or

hydroxy;

L is a group obtained by freely selecting and combining
1-50 from

fC(RL 1 )(RL2)
—CR¥)=CR™)—,
—C=C—,

707’

787,

~ NR®)—, and
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RLS'
E RLS
the number of ring D is 5 at maximum and all or one part of
L does not show —O0—0O— —S—S— —NR”®)>—N
R®)—, —O0—-S— S0 —O-NRF¥)—,

—NR”)—0—, —S—NR"**)— or —NR"*)—S—;

ring D is

optionally partially reduced aromatic hydrocarbon having
6-10 carbon atoms (e.g., benzene) or

a hetero ring having 1-6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 3 to 10 ring-constituting atoms (e.g., pyrrolidine,
dihydroindole, dihydroquinoline, dihydroisoquinoline, thio-
phene, pyridine, benzofuran, benzoxazole, benzothiazole);

R*, R*? R™® and R*® are the same or different and each
is independently

a hydrogen atom,

a halogen atom (e.g., fluorine atom, chlorine atom),

cyano,

oxo, provided that when R*! is oxo, then R*? is absent,

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl) or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl)-O—;

R and R*! are each a hydrogen atom;

R%® is a hydrogen atom;

W is the following formula (Wa)

(Wa)
R3

X is a nitrogen atom and Y is a nitrogen atom;

R®!, R®, R% and R™ are the same or different and each
is independently

a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

when alkyl having 1-6 carbon atoms is substituted, it is
substituted by one or two or more groups selected from a
halogen atom (e.g., fluorine atom) and hydroxy,

when a heterocyclic group having 1 to 6 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 3 to 10 ring-constituting atoms is
substituted, it is substituted by one or two or more groups
selected from alkyl having 1-6 carbon atoms (e.g., methyl).

[Compound 1-D]
A compound represented by the formula (I) wherein A is
the following formula
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(Aa)

R is an unsubstituted or substituted heterocyclic group
having 1 to 6 hetero atoms selected from a nitrogen atom, an
oxygen atom and a sulfur atom and containing 3 to 10
ring-constituting atoms (e.g., thiazolyl);

R!? is a hydrogen atom;

R?is

a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R? is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., 1,1-dimethylethyl);

R* is a hydrogen atom;

R*" is a hydrogen atom;

R’“is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R>? is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R%is

hydroxy,

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl),

—(CH,);—CO—O0R?,

—N(R%)—CO—OR®® or

—NR*)—CO—R%;

k is an integer of 1-4;

R® is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R% is

a hydrogen atom or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R®® is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R” is unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

R®“ is a hydrogen atom;

R® is hydroxy;

R®° is a hydrogen atom;

R® is a hydrogen atom;

L is a group obtained by freely selecting and combining
1-50 from

—CRIHR™)—,
—CR™)=CR™)—,
—C=C—,
0,
S,
—N@R*)—, and
RIS
Z§ RIS
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the number of ring D is 5 at maximum and all or one part of
L does not show —O—0O—, —S—S—, —N(R®)—N

R¥)— —O0—S—, —8—0—, —O—N(R")—NR")—
O—, —S—NR*)— or —NR*®)—S—;

ring D is

optionally partially reduced aromatic hydrocarbon having
6-10 carbon atoms (e.g., benzene) or

a hetero ring having 1-6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 3 to 10 ring-constituting atoms (e.g., pyrrolidine,
dihydroindole, dihydroquinoline, dihydroisoquinoline, thio-
phene, pyridine, benzofuran, benzoxazole, benzothiazole);

R* is

a hydrogen atom,

a halogen atom (e.g., fluorine atom),

0xo, provided that when R*! is oxo, then R*? is absent, or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl);

RX2 is

a hydrogen atom or

a halogen atom (e.g., fluorine atom);

R%? is a hydrogen atom;

R** is a hydrogen atom;

R%® is a hydrogen atom;

R*® is

a hydrogen atom,

a halogen atom (e.g., fluorine atom, chlorine atom),

cyano,

0X0,

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl) or

unsubstituted or substituted alkyl having 1-6 carbon
atoms (e.g., methyl)-O—;

R%® is a hydrogen atom;

W is the following formula (Wa)

(Wa)
R3

R™ is a hydrogen atom;

X is a nitrogen atom and Y is a nitrogen atom;

when alkyl having 1-6 carbon atoms is substituted, it is
substituted by one or two or more groups selected from a
halogen atom (e.g., fluorine atom) and hydroxy,

when a heterocyclic group having 1 to 6 hetero atoms
selected from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 3 to 10 ring-constituting atoms is
substituted, it is substituted by one or two or more groups
selected from alkyl having 1-6 carbon atoms (e.g., methyl).

Specific examples of a compound represented by the
formula (I) include the compounds of the below-mentioned
Examples 1-224, and preferred are the compounds of
Examples 9, 61, 62, 67, 94, 101, 138, 142, 157, 161, 164,
171, 179, 181 and 198.

In the present invention, the “pharmacologically accept-
able salt” is not particularly limited as long as it is a
pharmaceutically acceptable salt, and examples include salts
with inorganic acids, salts with organic acids, salts with
alkali metals, salts with alkaline earth metals, salts with
inorganic bases, and salts with organic bases. Furthermore,
hydrates which are water-containing salts and solvates
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which are solvent-containing salts are also included in the
pharmacologically acceptable salts in the present invention.

In the present specification, “pharmacologically accept-
able” means being generally safe and harmless, possibly
biologically undesirable but preferable in other aspects, and
useful in preparing pharmaceutical compositions including
those useful not only for application as medicament for
human but also for application in veterinary medicine.

The compounds of the present invention can be produced
by the following methods A-H. While these methods and
steps may be combined but the production method thereof is
not limited thereto.

(Method A)

(1) The production method described here is suitable for
producing an intermediate of a compound represented by the
formula (I) wherein ring A is represented by the aforemen-
tioned formula (Aa), X is a nitrogen atom and Y is a nitrogen
atom, namely, the following compound (A-1).

RSa
RS
>L -
(6] Step A-1 s Step A-2
_ - = O
(@]
ILN o
(1-1
1-2)
RSa
RS
—
s = 0 Step A-3
_
R7
>/NH O
/ <
(1-3)
RSa
RS
—
5 Step A-4
= 0 p_»
R’
>/NH o
o<
(1-4)
RSa
RS
—
S
= O Step A-5
R] 0
NI o
H
J Kok
O
NH, 26
(1-5) ©
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wherein each symbol is as defined above.
Step A-1

Compound (1-2) can be derived from compound (1-1) 65
according to a known method (e.g., J. Med. Chem. 1973, 16,
214-219).

40

Step A-2

Compound (1-3) can be obtained by acylating compound
(1-2). The reaction proceeds using a base in an appropriate
solvent at generally from -20° C. to the refluxing tempera-
ture of the solvent. While the reaction time varies depending
on the starting material and solvent to be used and the
reaction temperature, it is generally from 0.5 hr to 24 hr.
Examples the acylating agent include trifluoroacetic anhy-
dride, acetic anhydride, propanoic anhydride, acetyl chloride
and the like. Examples of the base include triethylamine,
pyridine and the like. Examples of the solvent include
tetrahydrofuran, dichloromethane, toluene, 1,4-dioxane and
the like.
Step A-3

Compound (1-4) can be obtained by thioamidating com-
pound (1-3). The thioamidation reaction proceeds using a
sulfating agent in an appropriate solvent generally at room
temperature to the refluxing temperature of the solvent.
While the reaction time varies depending on the starting
material and solvent to be used and the reaction temperature,
it is generally from 0.5 hr to 24 hr. Examples of the sulfating
agent include Lawesson reagent, diphosphorus pentasulfide
and the like. Examples of the solvent include 1,2-dichloro-
ethane, tetrahydrofuran, 1,4-dioxane and the like.
Step A-4

Compound (1-5) can be obtained by reacting compound
(1-4) with hydrazine. The reaction with hydrazine proceeds
using hydrazine monohydrate in an appropriate solvent
generally at room temperature to the refluxing temperature
of the solvent. While the reaction time varies depending on
the starting material and solvent to be used and the reaction
temperature, it is generally from 1 hr to 24 hr. Examples of
the solvent include tetrahydrofuran, 1,4-dioxane, N,N-dim-
ethylformamide and the like.
Step A-5

Compound (1-6) can be obtained by converting the car-
boxylate form (1-10) having a substituent for R® to acid
halide by a halogenating agent, and reacting same with a
compound represented by compound (1-5). The reaction
proceeds using a base in an appropriate solvent generally
from 0° C. to the refluxing temperature of the solvent. While
the reaction time varies depending on the starting material
and solvent to be used and the reaction temperature, it is
generally from 1 hr to 24 hr. Examples of the halogenating
agent include thionyl chloride, oxalyl chloride, phenylphos-
phonyl dichloride and the like. Examples of the base include
triethylamine, pyridine and the like. Examples of the solvent
include dichloromethane, 1,2-dichloroethane, chloroform,
pyridine, toluene and the like.
Step A-6

Compound (1-7) can be obtained by a cyclization reaction
of compound (1-6). It proceeds in an appropriate solvent
generally at room temperature to the refluxing temperature
of the solvent. While the reaction time varies depending on
the starting material and solvent to be used and the reaction
temperature, it is generally from 1 hr to 24 hr. Examples of
the solvent include 2-propanol, 1-butanol, tetrahydrofuran
and the like.
Step A-7

Compound (1-8) can be obtained by deprotection reaction
of compound (1-7). The reaction proceeds using an acid in
an appropriate solvent generally at room temperature to the
refluxing temperature of the solvent. While the reaction time
varies depending on the starting material and solvent to be
used and the reaction temperature, it is generally from 1 hr
to 24 hr. Examples of the acid include hydrochloric acid,
trifluoroacetic acid and the like. Examples of the solvent
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include ethyl acetate, 1,4-dioxane, tetrahydrofuran, dichlo-
romethane, chloroform and the like.
Step A-8

Compound (1-9) can be obtained by a cyclization reaction
of compound (1-8). The reaction proceeds using a condens-
ing agent in the presence of a suitable base in a suitable
solvent at 0° C. to the refluxing temperature of the solvent.
While the reaction time varies depending on the starting
material and solvent to be used and the reaction temperature,
it is generally from 1 hr to 24 hr. Examples of the condensing
agent include 1-ethyl-3-(3-dimethylaminopropyl)carbo-
diimide hydrochloride (WSC.HCI), 1-[bis(dimethylamino)

methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium  3-oxido-
hexafluorophosphate  (HATU), 4-(4,6-dimethoxy[1.3.5]
triazin-2-yl)-4-methylmorpholinium  chloride  hydrate

(DMT-MM), 2-chloro-1-methylpyridinium iodide and the
like. Examples of the solvent include methanol, N,N-dim-
ethylformamide, chloroform, dichloromethane, tetrahydro-
furan and the like. The reaction is sometimes accelerated by
adding 1-hydroxybenzotriazole (HOBt). Examples of the
base include triethylamine, N,N-diisopropylethylamine,
pyridine and the like.

step A-9

Compound (A-1) can be obtained by halogenating com-
pound (1-9). The reaction proceeds using a halogenating
agent generally at room temperature to the refluxing tem-
perature of the solvent. While the reaction time varies
depending on the starting material and solvent to be used and
the reaction temperature, it is generally from 1 hr to 24 hr.
Examples of the halogenating agent include phosphoryl
chloride and the like.

(2) The production method described here is suitable for
producing an intermediate of a compound represented by the
formula (I) wherein ring A is represented by the aforemen-
tioned formula (Ac), X is a nitrogen atom and Y is a nitrogen
atom, namely, the following compound (A-2).
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-continued
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wherein each symbol is as defined above.

Compound (A-2) can be derived from compound (2-1)
according to a known method (e.g., J. Med. Chem. 2016, 59,
1426).

(3) The production method described here is suitable for
producing an intermediate of a compound represented by the
formula (I) wherein X is a carbon atom and Y is an oxygen
atom, namely, the following compound (A-3).

B . RSa

RSb

R7
Step A-15

_—

Step A-16
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-continued
RSa

Step A-17

Step A-18

Step A-19

Step A-20

—_— >

(A-3)

wherein B! is boronic acid or boronic acid ester optionally
having substituent(s), Z* is a halogen atom, P* is a protect-
ing group, and other symbols are as defined above.

In the formula, the boronic acid ester optionally having
substituent(s) for B! is pinacolatoboron, neopentylglycola-
toboron or the like, and the halogen atom for Z* is a chlorine
atom, a bromine atom or an iodine atom. In the formula, the
protecting group for P* protects carboxyl group and is not
particularly limited as long as compound (3-7) is obtained.
For example, alkyl (specifically methyl, ethyl) and the like
can be mentioned.

Compound (A-3) can be derived from compound (3-1)
according to a known method (e.g., WO 2012/075383).
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(Method B)

¢y

R5b RSa
R4a ZB
e
. ¢l XS \] Step B-1
4 - .
X
o WL
N R4b
=~y
RS @1
(A-4)

B-1

wherein Z7 is a chlorine atom or a hydroxyl group, and other
symbols are as defined above.
Step B-1

Compound (B-1) can be obtained by a coupling reaction
of compound (A-4) with boronic acid derivative (4-1). The
reaction preferably proceeds in the presence of a palladium
catalyst, a phosphine ligand and a base in a suitable solvent
at 0° C. to under heating, particularly at room temperature to
the boiling point of the solvent. While the reaction time
varies depending on the starting material and solvent to be
used and the reaction temperature, it is generally from 1 hr
to 24 hr. Examples of the palladium catalyst include palla-
dium(II) acetate, palladium(II) chloride, tris(dibenzylide-
neacetone)dipalladium(0) or chloroform adduct thereof and
the like. Examples of the phosphine ligand include triph-
enylphosphine,  2-(dicyclohexylphosphino)-2',4',6'-triiso-
propyl-1,1'-biphenyl, 2-(dicyclohexylphosphino)-3,6-dime-
thoxy-2',4',6'-triisopropyl-1,1'-biphenyl, = 2-(dicyclohexyl
phosphino)-2,6-diisopropoxy-1,1'-biphenyl, 2-di-tert-
butylphosphino-2'-4'-6'-triisopropylbiphenyl, 2-dicyclohex-
ylphosphino-2'-6'-dimethoxybiphenyl, 2-(dicyclohex-
ylphosphino)-2-(N,N-dimethylamino)biphenyl,  tri-ortho-
tolylphosphine, 2-(dicyclohexylphosphino)biphenyl, 2-(di-
tert-butylphosphino)biphenyl, 2-(di-tert-butylphosphino)-1,
1-binaphthyl, tri-tert-butylphosphine, tri-tert-
butylphosphonium tetrafluoroborate and the like. A reagent
in which a palladium catalyst and a phosphine ligand form
a complex may also be used and, for example, tetrakis
(triphenylphosphine)palladium(0),  1,1-bis(diphenylphos-
phino)ferrocene-palladium(I1) dichloride, dichlorobis(triph-

enylphosphine)palladium(II), dichlorobis
(tricyclohexylphosphine)palladium(II), bis(tri-tert-
butylphosphine)palladium(0), chloro(2-

dicyclohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)
(2'-amino-1,1'-biphenyl-2-yl)palladium(II), [(2-
dicyclohexylphosphino-3,6-dimethoxy-2',4',6'-triisopropyl-
1,1'-biphenyl)-2-(2'-amino-1,1'-biphenyl)palladium(II)
methanesulfonate, (2-dicyclohexylphosphino-2,6-diiso-
propoxy-1,1'-biphenyl)[2-(2'-amino-1,1'-biphenyl)|palla-
dium(II) methanesulfonate, [(2-di-tert-butylphosphino-3,6-
dimethoxy-2',4',6'-triisopropyl-1,1'-biphenyl)-2-(2'-amino-
1,1-biphenyl)palladium(Il) methanesulfonate and the like.
Examples of the base include tert-butoxy sodium, potassium
acetate, tripotassium phosphate, cesium carbonate, potas-



US 11,542,273 B2

45

sium carbonate, sodium hydrogen carbonate, triethylamine,
diisopropylethylamine, dicyclohexylethylamine, potassium
fluoride, cesium fluoride and the like. Examples of the
solvent include ether solvents such as tetrahydrofuran, 1,2-
dimethoxyethane, 1,4-dioxane and the like, alcohol solvents
such as methanol, ethanol, propanol, butanol and the like,
N,N-dimethylformamide, or a mixed solvent of the organic
solvent and water and the like.

(2) The production method described here is suitable for
producing an intermediate of a compound represented by the
formula (I) wherein X is a nitrogen atom and Y is a nitrogen
atom, namely, the following compound (B-2).

RS R \/\/
] Step B-2
P
D /g/ >// 7<
(1-10)
5a R4a A
R5® \/\/
N
Step B-3
(-2
5a R4a A
RS? \/\/
2 ] Step B-4
R%
O
R6
(-3)

B-2)

wherein each symbol is as defined above.
Step B-2

Compound (5-2) can be obtained by converting a car-
boxylate form having a substituent for R® to acid halide by
a halogenating agent and reacting same with compound
(5-1). The reaction proceeds using a base in an appropriate
solvent generally at —=20° C. to the refluxing temperature of
the solvent. While the reaction time varies depending on the
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starting material and solvent to be used and the reaction
temperature, it is generally from 0.5 hr to 24 hr. Examples
of the halogenating agent include thionyl chloride, oxalyl
chloride, phenylphosphonyl dichloride and the like.
Examples of the base include triethylamine, pyridine and the
like. Examples of the solvent include dichloromethane,
1,2-dichloroethane, chloroform, pyridine, toluene and the
like.

Step B-3

Compound (5-3) can be obtained by deprotection reaction
and cyclization reaction of compound (5-2). The deprotec-
tion reaction proceeds using an acid in an appropriate
solvent generally at 0° C. to the refluxing temperature of the
solvent. While the reaction time varies depending on the
starting material and solvent to be used and the reaction
temperature, it is generally from 0.5 hr to 24 hr. Examples
of'the acid include trifluoroacetic acid, hydrochloric acid and
the like. Examples of the solvent include dichloromethane,
chloroform, tetrahydrofuran and the like. This reaction can
also be performed using an acid alone. The cyclization
reaction proceeds using an acid in an appropriate solvent
generally at room temperature to the refluxing temperature
of the solvent. While the reaction time varies depending on
the starting material and solvent to be used and the reaction
temperature, it is generally from 0.5 hr to 24 hr. Examples
of the acid include trifluoroacetic acid, acetic acid and the
like. Examples of the solvent include tetrahydrofuran, N,N-
dimethylformamide, 1-butanol, 2-propanol and the like.
Step B-4

Compound (B-2) can be obtained from compound (5-3)
by the following two methods.

A first one can be obtained by hydrazine addition, acy-
lation and cyclization reaction. The reaction with hydrazine
proceeds using a base and hydrazine in an appropriate
solvent generally at 0° C. to room temperature. Examples of
the base include sodium hydride, tert-butoxy sodium, tert-
butoxy potassium and the like. The acylation reaction pro-
ceeds using an acylating agent in an appropriate solvent
generally at room temperature to the refluxing temperature
of the solvent. While the reaction time varies depending on
the starting material and solvent to be used and the reaction
temperature, it is generally from 0.5 hr to 24 hr. Examples
of the acylating agent include trifluoroacetic anhydride,
acetic anhydride, propanoic anhydride and the like.
Examples of the solvent include tetrahydrofuran, 1,4-di-
oxane, N,N-dimethylformamide, dichloromethane and the
like. The above-mentioned reaction can also be performed
using acylhydrazide instead of using hydrazine, acid chlo-
ride and acid anhydride. Examples of the acylhydrazide
include acetylhydrazine and the like. The cyclization reac-
tion proceeds using an acid in an appropriate solvent gen-
erally at room temperature to the refluxing temperature of
the solvent. While the reaction time varies depending on the
starting material and solvent to be used and the reaction
temperature, it is generally from 0.5 hr to 24 hr. Examples
of the acid include acetic acid, trifluoroacetic acid and the
like. Examples of the solvent include tetrahydrofuran, N,N-
dimethylformamide, 1-butanol, 2-propanol and the like.
This reaction proceeds after addition of hydrazine and using
the corresponding ortho ester form in an appropriate solvent
generally at room temperature to the refluxing temperature
of the solvent. While the reaction time varies depending on
the starting material and solvent to be used and the reaction
temperature, it is generally from 0.5 hr to 24 hr. Examples
of the ortho ester form include 1,1,1-triethoxyethane, 1,1,1-
trimethoxypentane and the like. Examples of the solvent
include toluene, tetrahydrofuran and the like.
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A second one can be obtained by converting amide group
to thioamide group, and performing hydrazine addition,
acylation and cyclization reaction. The thioamidation reac-
tion proceeds using a sulfating agent in an appropriate
solvent generally at room temperature to the refluxing
temperature of the solvent. While the reaction time varies
depending on the starting material and solvent to be used and
the reaction temperature, it is generally from 0.5 hr to 24 hr.
Examples of the sulfating agent include Lawesson reagent,
diphosphorus pentasulfide and the like. Examples of the
solvent include 1,2-dichloroethane, tetrahydrofuran, 1,4-
dioxane and the like. The hydrazine addition reaction pro-
ceeds using hydrazine in an appropriate solvent generally at
room temperature to the refluxing temperature of the sol-
vent. While the reaction time varies depending on the
starting material and solvent to be used and the reaction
temperature, it is generally from 1 hr to 24 hr. Examples of
the solvent include tetrahydrofuran, 1,4-dioxane, N,N-dim-
ethylformamide and the like. The acylation reaction pro-
ceeds using an acylating agent in an appropriate solvent
generally at room temperature to the refluxing temperature
of the solvent. While the reaction time varies depending on
the starting material and solvent to be used and the reaction
temperature, it is generally from 1 hr to 24 hr. Examples of
the acylating agent include trifluoroacetic anhydride, acetic
anhydride, propanoic anhydride and the like. The above-
mentioned reaction can also be performed using acylhydraz-
ide instead of using hydrazine, acid chloride and acid
anhydride. Examples of the acylhydrazide include acetyl-
hydrazine and the like. Examples of the solvent include
tetrahydrofuran, N,N-dimethylformamide and the like. The
cyclization reaction proceeds using an acid in an appropriate
solvent generally at room temperature to the refluxing
temperature of the solvent. While the reaction time varies
depending on the starting material and solvent to be used and
the reaction temperature, it is generally from 0.5 hr to 24 hr.

Examples of the acid include acetic acid, trifluoroacetic
acid and the like. Examples of the solvent include tetrahy-
drofuran, N,N-dimethylformamide, 1-butanol, 2-propanol
and the like. This reaction proceeds after addition of hydra-
zine by using the corresponding ortho ester form in an
appropriate solvent generally at room temperature to the
refluxing temperature of the solvent. While the reaction time
varies depending on the starting material and solvent to be
used and the reaction temperature, it is generally from 0.5 hr
to 24 hr. Examples of the ortho ester form include 1,1,1-
triethoxyethane, 1,1,1-trimethoxypentane and the like.
Examples of the solvent include toluene, tetrahydrofuran
and the like.

(3) An intermediate of a compound represented by the
formula (I) wherein X is a nitrogen atom and Y is a nitrogen
atom, namely, the following compound (B-2) can also be
synthesized by the following method.

Step B-5
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wherein P? is a protecting group, and other symbols are as
defined above.

In the formula, P? is not particularly limited as long as it
protects a carboxyl group. For example, alkyl (specifically
methyl, ethyl, tert-butyl and the like), aralkyl (benzyl and the
like) and the like can be mentioned.

Compound (B-2) can also be synthesized from compound
(6-1) according to a method described in a known method
(e.g., WO 1993/007129, WO 1998/011111).

(4) The production method described here is suitable for
producing an intermediate of a compound represented by the
formula (I) wherein R® is —N(R%)—CO—OR®,
—N(R®—CO—NR)R%®) or —N(R*)»—CO—R®,
namely, the following compound (B-3), compound (B-4).
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wherein R? is —OR®®, —N(R*")(R®®*) or —R ¥, and other
respective symbols R%, R%7, R%® and R® are as defined
above.

Step B-8

Compound (B-3) can be obtained by the following three
methods from compound (7-1) synthesized according to a
known method (e.g., JP-A-7-17941).

A first one is a method including reacting compound (7-1)
with the corresponding acid halide (e.g., CI—CO—OR®®,
Cl—CO—N(R)(R®), or CI—CO—R*) or acid anhydride
(e.g, R°*°0—CO—O—CO—OR®, or R¥—CO—O—
CO—R%). The reaction proceeds using a base in a suitable
solvent generally at —=20° C. to the refluxing temperature of
the solvent. While the reaction time varies depending on the
starting material and solvent to be used, the reaction tem-
perature and the like, it is generally from 30 min to 24 hr.
Examples of the base include triethylamine, N,N-diisopro-
pylethylamine, pyridine and the like. Examples of the sol-
vent include dichloromethane, 1,2-dichloroethane, chloro-
form, N-methylpyrrolidone, pyridine, toluene and the like.
In this reaction, the base to be used can also be used as a
solvent.

A second one is a method including condensing com-
pound (7-1) and the corresponding carboxylate form (HO—
CO—R®) in the presence of a condensing agent. The
reaction proceeds using a condensing agent in the presence
of a suitable base in a suitable solvent at 0° C. to the
refluxing temperature of the solvent. The reaction time and
the condensing agent, solvent, reaction promoter and base to
be used are the same as those in step A-8.

A third one is a method including converting the corre-
sponding carboxylate form (HO—CO—R5°) to a mixed acid
anhydride with methyl chlorocarbonate, ethyl chlorocarbon-
ate, isobutyloxycarbonyl chloride, pivaloyl chloride or the
like, and reacting same with compound (7-1) in a solvent in
the presence of a base or in the base serving as a solvent.
Examples of the solvent include methanol, ethanol, isopro-
pyl alcohol, butanol, ethylene glycol, tetrahydrofuran, chlo-
roform, N,N-dimethylformamide, toluene and the like.
Examples of the base include triethylamine, pyridine,
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N-methylmorpholine and the like. The reaction temperature
is generally 0° C.-100° C. While the reaction time varies
depending on the starting material and solvent to be used,
the reaction temperature and the like, it is generally from 30
min to 24 hr.

Step B-9

Compound (B-4) can be obtained by alkylating com-
pound (B-3). The alkylation reaction proceeds using a base
and an alkylating agent such as alkyl halide and the like in
an appropriate solvent at generally 0° C. to the refluxing
temperature of the solvent. While the reaction time varies
depending on the starting material and solvent to be used and
the reaction temperature, it is generally from 10 min to 24
hr. Examples of the base include inorganic bases such as
sodium hydride, potassium hydroxide, potassium carbonate
and the like, alkoxides such as potassium t-butoxide and the
like, and the like. Examples of the solvent include N,N-
dimethylformamide, tetrahydrofuran, dimethyl sulfoxide
and the like.

(5) The production method described here is suitable for
producing an intermediate of a compound represented by the
formula (I) wherein R® is a hydroxyl group, namely, the
following compound (B-5).

Step B-12

—_— >

(B-5)

wherein each symbol is as defined above.
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Compound (B-5) can be derived from compound (8-1)
according to a known method (e.g., U.S. Pat. No. 4,959,
361).

(6) The production method described here is suitable for
producing an intermediate of a compound represented by the
formula (I) wherein R® is —(CH,),—CO—N(R*)(R%),
namely, the following compound (B-6).
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wherein P€ is a hydrogen atom or a protecting group, and
other symbols are as defined above.

In the formula, the protecting group for P€ is not particu-
larly limited as long as it protects a carboxyl group.

For example, alkyl (specifically methyl, ethyl, tert-butyl
and the like), aralkyl (benzyl and the like) and the like can
be mentioned.

Step B-13

Compound (9-2) can be obtained by removing the pro-
tecting group P< of compound (9-1). When P€ is a hydrogen
atom, this step can be omitted. The conditions of deprotec-
tion are not particularly limited as long as they are used for
deprotection of P<. For example, when P€ is methyl or ethyl,
a method including using an inorganic base such as sodium
hydroxide or the like in a mixed solvent of an alcohol
solvent and water can be mentioned. When it is tert-butyl, a
method including using an acid such as hydrochloric acid,
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trifluoroacetic acid or the like, and the like can be men-
tioned. When P€ is benzyl or substituted benzyl, benzy-
loxymethyl or the like, a method including using a catalytic
hydrogenation reaction can be mentioned.
Step B-14

Compound (B-6) is obtained by condensing compound
(9-2) and the corresponding amine having R%, R%. The
reaction proceeds using a condensing agent in the presence
of a suitable base in a suitable solvent at 0° C. to the
refluxing temperature of the solvent. The reaction time and
the condensing agent, solvent, reaction promoter and base to
be used are the same as those in step A-8.

(7) The production method described here is suitable for
producing an intermediate of a compound represented by the
formula (I) wherein ring A is represented by the aforemen-
tioned formula (Ab), X is a nitrogen atom and Y is a nitrogen
atom, namely, the following compound (B-7).
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-continued

B-7)

wherein P? is a protecting group, and other symbols are as
defined above.

In the formula, P” is not particularly limited as long as it
protects an amide group to produce compound (10-9). For
example, 4-methoxybenzyl group, 2,4-dimethoxybenzyl
group and the like can be mentioned.

Compound (B-7) can be synthesized from compound
(10-1) according to the method described in SYNLETT,

2008, 15, 2360-2364 and J. Org. Chen., 2009, 74, 4975-
4981.

(8) An intermediate of a compound represented by the
formula (I) wherein ring A is represented by the aforemen-
tioned formula (Aa), X is a nitrogen atom, Y is a nitrogen
atom, and R>? is cyanomethyl, namely, the following com-
pound (B-8) can also be synthesized by the following
production method.
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wherein each symbol is as defined above.
Step B-24

Compound (11-2) can be obtained by reacting compound
(11-1) with a mixture of magnesium acetate dihydrate, acetic
acid, acetic anhydride and concentrated sulfuric acid at room
temperature for a suitable time.
Step B-25

Compound (11-3) is obtained by reacting compound
(11-2) with a base. The reaction proceeds in an appropriate
solvent generally at 0° C. to room temperature. While the
reaction time varies depending on the starting material and
solvent to be used, the reaction temperature, and the like, it
is generally from 0.5 hr to 24 hr. Examples of the base
include aqueous sodium hydroxide solution, aqueous potas-
sium hydroxide solution and the like. Examples of the
solvent include methanol, ethanol, tetrahydrofuran, 1,4-
dioxane and the like.
Step B-26

Compound (B-8) can be obtained by converting a
hydroxyl group of compound (11-3) to a leaving group and
substituting same with cyano (cyanated). The conversion to
the leaving group proceeds using a protecting agent and a
base in an appropriate solvent generally at 0° C. to at room
temperature. Examples of the protecting agent include
p-toluenesulfonyl chloride, mesyl chloride and the like.
While the reaction time varies depending on the starting
material and solvent to be used, the reaction temperature,
and the like, it is generally from 1 hr to 24 hr. Examples of
the base include triethylamine, N,N-diisopropylethylamine
and the like. Examples of the solvent include dichlorometh-
ane, tetrahydrofuran and the like. The cyanation reaction
proceeds using a cyanating agent in an appropriate solvent
generally at 0° C. to the refluxing temperature of the solvent.
While the reaction time varies depending on the starting
material and solvent to be used, the reaction temperature,
and the like, it is generally from 1 hr to 24 hr. Examples of
the cyanating agent include sodium cyanide, trimethylsilyl
cyanide and the like. Examples of the solvent include
dimethyl sulfoxide, acetonitrile, tetrahydrofuran and the
like. When trimethylsilyl cyanide is used, tetrabutylammo-
nium fluoride is used.
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(9) An intermediate of a compound represented by the
formula (I) wherein ring A is represented by the aforemen-
tioned formula (Aa), X is a nitrogen atom, Y is a nitrogen
atom, and R>“ is alkyl having 1-6 carbon atoms and substi-
tuted by cyano, namely, the following compound (B-9) can
also be synthesized by the following production method.

74
/=|=\/R‘”’

R4 -

Step B-27

—_—

B-9)

wherein m is any of 1-6, and other symbols are as defined
above.

Step B-27
Compound (B-9) can be obtained by cyanating compound

(12-1). As the reaction conditions, the conditions similar to
those of the aforementioned Step B-26 can be mentioned.

(10) An intermediate of a compound represented by the
formula (I) wherein ring A is represented by the aforemen-
tioned formula (Aa), X is a nitrogen atom, Y is a nitrogen
atom, and R>? is cyano, namely, the following compound
(B-10) can be synthesized by the following production
method.

OH
RSb R4a
5 N 74 SwepBos

7
R N R4b
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R4a
——74  Step B-29
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NC
RSb R4a
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N | R4
O
N\ -
R6
(B-10)

wherein each symbol is as defined above.
Step B-28

Compound (13-1) can be obtained by oxidizing com-
pound (11-3). The reaction conditions are, for example,

those for reacting a mixture of manganese dioxide and
dichloromethane for a suitable time at room temperature.

Step B-29
Compound (B-10) can be obtained by cyanating com-
pound (13-1). The reaction conditions are, for example,

those for reacting a mixture of hydroxylamine hydrochloride
and dimethyl sulfoxide for a suitable time under heating.

(11) An intermediate of a compound represented by the
formula (I) wherein ring A is represented by the aforemen-
tioned formula (Aa), X is a nitrogen atom, Y is a nitrogen
atom, and R>“ is a hydrogen atom, namely, the following
compound (B-11) can be synthesized by the following
production method.
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-continued

wherein each symbol is as defined above.
Step B-30

Compound (14-1) can be obtained by oxidizing com-
pound (13-1). The reaction proceeds using an oxidant in an
appropriate solvent generally at 0° C. to the refluxing
temperature of the solvent. While the reaction time varies
depending on the starting material and solvent to be used and
the reaction temperature, it is generally from 0.5 hr to 24 hr.
Examples of the oxidant include hydrogen peroxide, tert-
butyl hydroperoxide, sodium chlorite, potassium perman-
ganate and the like. Examples of the solvent include metha-
nol, acetonitrile, water and the like. The reaction proceeds,
for example, by adding 35% hydrogen peroxide water,
aqueous sodium chlorite solution to a mixture of acetonitrile
and aqueous sodium dihydrogen phosphate solution at 0° C.
to room temperature.
Step B-31

Compound (B-11) can be obtained by decarboxylating
compound (14-1). The reaction conditions are, for example,

those for reacting in quinoline in the presence of copper at
150° C.

(Method C)

(1) An intermediate of a compound represented by the
formula (I) wherein W is represented by the aforementioned
formula (Wa), namely, the following compound (C-1) can
also be synthesized by the following method.
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4a OH Sa
RSa R R
RS |\/§\] RS
2 Step C-1
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wherein Z” is a hydroxyl group-activating group, Z= is a
hydrogen atom, a halogen atom, boronic acid or boronic acid
ester optionally having substituent(s), and other symbols are
as defined above.

In the formula, the halogen atom for ZZ is a chlorine atom,
a bromine atom or an iodine atom, and the hydroxyl group-
activating group for Z” is a sulfonyl group such as trifluo-
romethanesulfonyl, toluenesulfonyl and the like. In the
formula, the boronic acid ester optionally having
substituent(s) for Z” is pinacolatoboron, neopentylglycola-
toboron or the like.

Step C-1

In this step, the hydroxyl group of compound (16-2) is
converted to an activating group OZ”. The reaction proceeds
in the presence of a base in a suitable solvent at about —50
to 50° C., particularly preferably 0° C. to room temperature.
As the activating reagent, an activated sulfonic acid deriva-
tive such as trifluoromethanesulfonic acid anhydride, 1-(tri-
fluoromethanesulfonyl)imidazole or toluenesulfonyl chlo-
ride is used. This reaction can also be performed by using
sulfonic acid and a condensing agent in combination.
Examples of the base include triethylamine, pyridine, luti-
dine and the like. Examples of the solvent include dichlo-
romethane, 1,2-dichloroethane, chloroform, pyridine, tolu-
ene and the like.

Step C-2

Compound (C-1) can be obtained by reacting a compound
represented by compound (16-1) or compound (16-3) with
compound (16-4).

Compound (C-1) is obtained by a coupling reaction of
compound (16-1) or compound (16-3) and amine, olefin,
acetylene, thiol or alcohol represented by PCOC(O)-L-H
(wherein L and P€ are as defined above), an arylboronic acid
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derivative represented by L-B(OH), or an ester thereof
(wherein L is as defined above). The palladium catalyst,
phosphine ligand, reagent in which a palladium catalyst and
a phosphine ligand form a complex, base and solvent to be
used are the same as those in Step B-1.

When L is aryl having 6-12 carbon atoms, heteroaryl
containing 5-12 ring-constituting atoms, olefin or acetylene,
compound (C-1) can also be obtained by a coupling reaction
of an organic metal salt (e.g., tin, zinc, copper and the like)
for L or an alkylmetal derivative (e.g., alkylaluminum
derivative, alkyltin derivative, alkylborane derivative and
the like) for L or the like, and compound (16-1) or com-
pound (16-3).

(2) An intermediate of a compound represented by the
formula (I) wherein W is represented by the aforementioned

formula (Wa), namely, the following compound (C-1) can
also be produced by the following method.

RSa
RSb
Cl
\ Step C-3
7 C
R X N R OP
@ant 15
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wherein each symbol is as defined above.

Compound (C-1) can be obtained by a coupling reaction
of compound (17-1) and boronic acid derivative (17-2). The
reaction conditions are the same as those in the aforemen-
tioned Step B-1.

(3) The production method described here is suitable for
producing a compound (C-1) wherein W is the aforemen-
tioned formula (Wa) and L can be introduced by a reaction
with boronic acid (18-1) (e.g., L is unsubstituted or substi-
tuted aryl having 6-10 carbon atoms, unsubstituted or sub-
stituted heteroaryl having 1 to 5 hetero atoms selected from
a nitrogen atom, an oxygen atom and a sulfur atom and
containing 3 to 10 ring-constituting atoms, olefin, acetylene
etc.).

4a 74
RSa R
RS \&4]
2 Step C-4
\ R4b
7
O
IO
~Y RS
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18D (18-2)
OP¢
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o
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RH/X \N
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wherein each symbol is as defined above.
Step C-4

Boronic acid (18-1) is obtained by reacting compound
(16-1) with a boronic acid derivative (e.g., bispinacolatodi-
boron, bisneopentylglycolatodiboron and the like). The
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reaction proceeds in the presence of a palladium catalyst, a
phosphine ligand and a base in a suitable solvent at 0° C. to
under heating, particularly preferably at room temperature to
the boiling point of the solvent. As the palladium catalyst,
phosphine ligand, base and solvent, those recited in Step B-1
can be used.
Step C-5

Compound (C-1) is obtained by reacting boronic acid
(18-1) with compound (18-2). The reaction proceeds in the
presence of a palladium catalyst, a phosphine ligand and a
base in a suitable solvent at 0° C. to under heating, particu-
larly preferably at room temperature to the boiling point of
the solvent. As the palladium catalyst, phosphine ligand,
base and solvent, those recited in Step B-1 can be used.

(3) An intermediate of a compound represented by the
formula (I) wherein ring A is represented by the aforemen-
tioned formula (Aa), X is a nitrogen atom, Y is a nitrogen
atom, and R is substituted by a halogen atom, namely, the
following compound (C-2) can also be produced by the
following method.

R4a

RSb \
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Step C-7
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R

R4a

== . /\l
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wherein each symbol is as defined above.
Step C-6

Compound (19-1) can be obtained by reacting compound
(B-11) with compound (16-4). The reaction conditions are
the same as those in Step C-2.
Step 0-7

Compound (C-2) is obtained by reacting compound (19-
1) with sulfuryl chloride, N-bromosuccinimide and the like
in acetic acid or a mixture of acetic acid and chloroform at
room temperature to 50° C.
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(Method D)

(1) A compound represented by the formula (I) wherein W
is represented by the aforementioned formula (Wa), namely,
the following compound (I-1) can be produced by the
following method.

OPC
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Step D-1
= <p

RSa
RSb

R4b

I T
O~

(C-1)
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like in a mixed solvent of alcohol solvent and water can be
mentioned. When it is ethyl, a method using an inorganic
base such as sodium hydroxide and the like in a mixed
solvent of alcohol solvent and water can be mentioned.
When it is t-butyl, a method using an acid such as hydro-
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wherein each symbol is as defined above.
Step D-1

Compound (20-1) can be obtained by removing protecting
group P¢ from compound (C-1). When P€ is a hydrogen
atom, this step can be omitted. The condition for removing
protecting group P is not particularly limited as long as it
is used for deprotection of P, For example, when P€ is
methyl, a method using Lewis acid such as boron tribromide
and the like in a methylene chloride solvent and a method
using an inorganic base such as sodium hydroxide and the

60
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chloric acid, trifluoroacetic acid and the like can be men-
tioned. When P€ is benzyl or substituted benzyl, benzy-
loxymethyl or the like, a method using -catalytic
hydrogenation reaction can be mentioned.

Step D-2
Compound (I-1) can be obtained by a condensation reac-
tion of carboxylic acid derivative (20-1) and amine deriva-

tive (20-2). The reaction conditions are the same as those in
the aforementioned Step B-14.
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wherein 7% is a chlorine atom or a bromine atom, and other
symbols are as defined above.
Step D-3

In this step, compound (20-1) is converted to acid halide
(21-1). The reaction proceeds in an appropriate solvent
generally at 0° C. to the refluxing temperature of the solvent
for generally from 1 hr to 24 hr. Examples of the haloge-
nating agent include thionyl chloride, oxalyl chloride, phe-
nylphosphonyl dichloride and the like. Examples of the base
include triethylamine, pyridine and the like. Examples of the
solvent include dichloromethane, 1,2-dichloroethane, chlo-
roform, pyridine, toluene and the like.
Step D-4

Compound (I-1) can be obtained by reacting acid halide
(21-1) with amine derivative (20-2). The reaction proceeds
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using a base in a suitable solvent generally at 0° C. to the
refluxing temperature of the solvent. While the reaction time
varies depending on the starting material and solvent to be
used and the reaction temperature and the like, it is generally
from 30 min to 12 hr. Examples of the base include
triethylamine, pyridine and the like. Examples of the solvent
include dichloromethane, dichloroethane, chloroform,
N-methylpyrrolidone, pyridine, toluene and the like.

(Method E)

(1) A compound represented by the formula (I) wherein W
is represented by the aforementioned formula (Wa), namely,
the following compound (I-1) can also be produced by the
following method.
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wherein each symbol is as defined above. 60 Step E-2

Step E-1 In this step, compound (I-1) is obtained by reacting

compound (22-2) with boronic acid (18-1). The reaction

conditions are the same as those in Step B-1.

(20-2) with carboxylic acid (22-1) represented by HOC(O)- (2) A compound represented by the formula (I) wherein W

65 is represented by the aforementioned formula (Wa), namely,
the following compound (I-1) can also be produced by the

tions are the same as those in the aforementioned Step B-14. following method.

Compound (22-2) can be obtained by reacting amine

L-Z* (wherein Z* is as defined above). The reaction condi-
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wherein each symbol is as defined above. Step E-5

Step E-3

Compound (23-2) can be obtained by reacting amine
(20-2) with carboxylic acid (23-1). The reaction conditions
are the same as those in the aforementioned Step B-14.
Step E-4

In this step, a hydroxyl group of compound (16-2) is
converted to activated group OZ”. The reaction conditions
are the same as those in the aforementioned Step C-1.

30

In this step, compound (I-1) is obtained by reacting
compound (16-1) or compound (16-3) obtained in Step E-4
with compound (23-2). The reaction conditions are the same
as those in the aforementioned Step C-2.

(3) A compound represented by the formula (I) wherein W
is represented by the aforementioned formula (Wa), namely,
compound (I-1) can also be produced by the following
method.
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wherein each symbol is as defined above.
In the aforementioned method E (2), boronic acid (24-2)
is obtained using compound (24-1) instead of compound

(23-1) which is reacted with iminochloride (A-4) to give 20

compound (I-1).
The reaction conditions of Step E-6 are the same as those
in Step B-14.
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The reaction conditions of Step E-7 are the same as those
in Step B-1.

(Method F)

(1) A compound represented by the formula (I) wherein W
is represented by the aforementioned formula (Wd) or (We),
namely, the following compound (I-2) can be produced by
the following method.
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wherein Z€ is a hydrogen atom or a halogen atom, Z¥ is a
halogen atom, boronic acid or boronic acid ester optionally
having substituent(s), and other symbols are as defined
above.

In the formula, the halogen atom for Z€ or Z7 is a chlorine
atom, a bromine atom or an iodine atom, and boronic acid
ester optionally having substituent(s) for Z# is pinacolato-
boron, neopentylglycolatoboron or the like.

Step F-1

Compound (25-3) can be synthesized from compound
(25-1) according to a method described in a known method
(e.g., WO 2011/080718).

Step F-2

In this step, compound (25-5) is obtained by reacting
compound (25-4) with compound (25-3). When Z€ is a
hydrogen atom, compound (25-5) can be obtained by react-
ing with compound (25-4) wherein Z7 is a halogen atom.
The reaction conditions are the same as those in Step C-2.

When Z€ is a halogen atom and compound (25-3) is
alkenyl halide, alkynyl halide, aryl halide, heteroaryl halide
or the like, compound (25-5) can be obtained by reacting
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with compound (25-4) wherein Z# is boronic acid or boronic
acid ester optionally having substituent(s). The reaction
proceeds in the presence of a palladium catalyst, a phosphine
ligand and a base in a suitable solvent at 0° C. to under
heating, particularly preferably at room temperature to the
boiling point of the solvent. As the palladium catalyst,
phosphine ligand, base and solvent, those recited in Step B-1
can be used.

Step F-3

Compound (25-6) can be obtained by deprotecting com-
pound (25-5). The reaction conditions are the same as those
in Step B-13.

Step F-4

Compound (I-2) can be obtained by a condensation reac-
tion of carboxylic acid (25-6) and amine (25-7). The reaction
conditions are the same as those in Step B-14.

(Method G)

A compound represented by the formula (I) wherein W is
represented by the aforementioned formula (Wb), namely,
the following compound (I-3) can be produced by the
following method.
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wherein each symbol is as defined above.
Step G-1

Compound (26-3) can be synthesized from compound 29
(26-1) according to a known method (e.g., method described
in WO 2013/006738, US20160272651).
Step G-2 to Step G-4

In this step, compound (25-4) is reacted with compound
(26-3) to give compound (26-4) which is deprotected and
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condensed with amine to give compound (I-3). The reaction
conditions are the same as those in step F-2 to Step F-4.
(Method H)

A compound represented by the formula (I) wherein W is
represented by the aforementioned formula (Wc), namely,

compound (I-4) can be produced by the following method.
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wherein each symbol is as defined above.
Step H-1

Compound (27-2) is obtained by enolating compound
(27-1) in a suitable solvent using a base and alkylating same
by reacting with R*>—Z* (wherein R?, Z* are as defined
above). The temperature of reaction with the base is -80° C.
to room temperature, and the reaction time is from 30 min
to about 10 hr. Examples of the base include metal reagents
such as butyllithium, lithium diisopropylamide, lithium bis
(trimethylsilyl)amide, sodium hydride and the like, metal
alkoxides such as tert-butoxy potassium, sodium methoxide
and the like, and the like. Examples of the alkylating agent
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include alkyl halide and the reaction temperature is 0° C. to
the refluxing temperature of the solvent. While the reaction
time varies depending on the starting material and solvent to
be used, the reaction temperature, and the like, it is generally
from 30 min to 24 hr. The solvent to be used for the reaction
includes, for example, tetrahydrofuran, toluene, 1,4-dioxane
and the like.
Step H-2 to Step H-4

In this step, compound (25-4) is reacted with compound
(27-2) to give compound (27-3), which is deprotected and
condensed with amine to give compound (I-4). The reaction
conditions are the same as those in step F-2 to step F-4.
(Method 1)

8h 8h 8h
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wherein PZ is a protecting group, and other symbols are as
defined above.

PZ protects amino group and, for example, carbamate
group (specifically tert-butyloxycarbonyl, benzyloxycarbo-
nyl and the like) and the like can be mentioned. The
combination of P and P is not particularly limited as long
as the combination can selectively remove P in Step 1-2.
For example, P€ is tert-butyloxycarbonyl and PZ is ethyl, or
P€ is benzyloxycarbonyl and PZ is tert-butyl and the like.
Step 1-1

In this step, amide (28-3) is obtained by condensation of
amine (28-1) and carboxylic acid (28-2). The reaction con-
ditions are the same as those in the aforementioned Step
B-14.

Step 1-2

Compound (28-4) can be obtained by removing protecting
group P€ from compound (28-3). The deprotection condition
is not particularly limited as long as it is used for deprotec-
tion of P€. For example, when P is methyl or ethyl, a
method using an inorganic base such as sodium hydroxide
and the like in a mixed solvent of alcohol solvent and water
can be mentioned. When it is tert-butyl, a method using an
acid such as hydrochloric acid, trifluoroacetic acid and the
like can be mentioned. When P is benzyl or substituted
benzyl, benzyloxymethyl or the like, a method using a
catalytic hydrogenation reaction can be mentioned.

Step 1-3

In this step, amide (28-6) is obtained by condensation of
carboxylic acid (28-4) and amine (28-5). The reaction con-
ditions are the same as those in the aforementioned Step
B-14.

Step 1-4

Compound (20-2) can be obtained by removing protecting
group PZ from compound (28-6). The deprotection condition
is not particularly limited as long as it is used for deprotec-
tion of PZ. For example, when PZ is tert-butyloxycarbonyl,
simultaneous deprotection can be performed using an acid.
As the acid, inorganic acids such as hydrochloric acid and
the like, trifluoroacetic acid and the like can be mentioned.
As the reaction conditions, a reaction in an alcoholic solvent
such as ethanol and the like, ether solvent such as tetrahy-
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drofuran and the like, water or a mixed solvent thereof under
ice-cooling to 80° C. for 10 min to about 12 hr can be
mentioned. When PZ is benzyloxycarbonyl, deprotection can
be performed by reduction by catalytic hydrogenation.
Examples of the catalyst include palladium carbon and the
like. The reaction temperature is generally room temperature
to the refluxing temperature of the solvent and the hydrogen
pressure is 1 to 20 atm. While the reaction time varies
depending on the starting material and solvent to be used,
the reaction temperature, and the like, it is generally from 1
hr to 48 hr.

Step 1I-5 to Step 1-7

A synthesis pathway is provided in which proline deriva-
tive (28-7) is reacted with amine (28-5), P is removed, and
the side chain of the formula (28-2) having R? is introduced.
The reaction conditions of step I-5 are the same as those in
step -3, the reaction conditions of step I-6 are the same as
those in step I-4, and the reaction conditions of step I-7 are
the same as those in step B-14.

A compound represented by the formula (I), which is
produced by the aforementioned method, can be purified to
any purity by a conventionally used purification means, for
example, concentration, extraction, chromatography, repre-
cipitation, recrystallization and the like. It can be converted
to a pharmacologically acceptable salt as necessary by
treating with an acid or a base etc. in a suitable solvent
(water, alcohol, ether etc.). Furthermore, the obtained com-
pound of the present invention or a pharmacologically
acceptable salt thereof can be converted to hydrate or solvate
by treating with water, water-containing solvent or other
solvent.

The compound and a pharmacologically acceptable salt
thereof of the present invention include racemic compounds,
stereoisomers, and mixture of these compounds, and
includes isotope-labeled and radioactive-labeled com-
pounds. Such isomers can be isolated by a standard sepa-
ration technique including fractional crystallization and chi-
ral column chromatography. In addition, the compound of
the present invention has an asymmetric carbon atom.
Therefore, it includes enantiomer and diastereomer. A diaste-
reomer mixture can be separated into each diastereomer
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based on their physical/chemical differences by a method
well known in the art, for example, chromatography and/or
fractional crystallization. Enantiomer can be separated by
chiral column chromatography or by reacting an enantiomer
compound with an appropriate optically active compound to
give a diastereomer mixture, separating each diastereomer
and converting each diastereomer to a corresponding enan-
tiomer. The compound of the present invention may be any
of such isomers including diastereomer, enantiomer and a
mixture thereof.

The compound or a pharmacologically acceptable salt
thereof of the present invention has a cytotoxic action on
cancer cells. Furthermore, it also has an action to induce
degradation of BET protein in cancer cells and an inhibitory
action on the binding of BET protein and acetylated histone.
Therefore, the compound or a pharmacologically acceptable
salt thereof of the present invention can also be used as an
anticancer agent, and further can be used as a BET protein
degrader or a BET protein inhibitor. According to the present
invention, a cancer treatment method using the compound or
a pharmacologically acceptable salt thereof of the present
invention, a BET protein degrading method and a BET
protein inhibitory method can also be provided.

In the present invention, the type of cancer does not
matter. Concrete examples thereof include oral cancer, pha-
ryngeal cancer, laryngeal cancer, thyroid cancer, esophageal
cancer, gastric cancer, duodenum cancer, small intestine
cancer, colorectal cancer, anal cancer, liver cancer, biliary
tract cancer, pancreatic cancer, gastrointestinal stromal
tumor, lung cancer, skin cancer, breast cancer, uterine can-
cer, ovarian cancer, prostate cancer, testicular cancer, blad-
der cancer, kidney cancer, urothelial cancer, brain tumor,
bone and soft tissue tumor, leukemia, malignant lymphoma,
multiple myeloma, sarcoma (e.g., Ewing sarcoma, rhab-
domyosarcoma, bone and soft tissue sarcoma) and the like.

In the medical field, colorectal cancer is sometimes called
colon cancer or rectal cancer, liver cancer is sometimes
called hepatocyte cancer, biliary tract cancer is sometimes
called bile duct cancer or gallbladder cancer, pancreatic
cancer is sometimes called pancreatic duct cancer or pan-
creatic endocrine tumor, lung cancer is sometimes called
non-small cell lung cancer, small cell lung cancer, large cell
lung cancer, malignant pleural mesothelioma or thymus
tumor, skin cancer is sometimes called skin malignancy or
skin lymphoma, uterine cancer is sometimes called cervix
cancer, uterine body cancer or uterine sarcoma, kidney
cancer is sometimes called renal cell cancer, urothelial
cancer is sometimes called renal pelvis cancer or ureter
cancer, and brain tumor is sometimes called glioma. In
addition, breast cancer includes subtypes called triple-nega-
tive breast cancer, HER2 positive breast cancer, luminal A
type breast cancer, luminal B type breast cancer and the like,
prostate cancer includes subtypes called hormone depen-
dency prostate cancer, hormone independent prostate cancer,
castration-resistant prostate cancer and the like, leukemia
includes subtypes called acute myeloid leukemia (AML),
acute promyelocytic leukemia (APL), acute lymphoblastic
leukemia (ALL), lymphoblastic lymphoma (L.BL), chronic
myeloid leukemia (CML), myeloproliferative neoplasm
(MPN), chronic lymphocytic leukemia (CLL), small lym-
phocytic lymphoma (SLL), myelodysplastic syndrome
(MDS) and the like, and malignant lymphoma includes
subtypes called follicular lymphoma (FL), MALT lym-
phoma, marginal zone lymphoma, lymphoplasmacytic lym-
phoma (LPL), Waldenstrom’s macroglobulinemia (Wm),
mantle cell lymphoma (MCL), diffuse large B-cell lym-
phoma (DLBCL, NOS), Burkitt lymphoma (BL), peripheral

10

15

20

25

30

35

40

45

50

55

60

65

84
T-cell lymphoma (PTCL), adult T cell leukemia/lymphoma
(ATL), extranodal NK/T-cell lymphoma, nasal type
(ENKL), Hodgkin lymphoma (HL) and the like.

In the present specification, the anticancer agent is a
concept including carcinostatic agent, antitumor agent and
the like. It has the effect of damaging, killing or weakening
cancer cells and tumor cells, and reducing or eliminating or
preventing an increase in the clump of cells that grew
abnormally for the purpose of treating cancer. In addition,
treatment means an act of administering the compound of
the present invention or a pharmacologically acceptable salt
thereof or a pharmaceutical composition containing same to
an individual who has developed an illness, disease or
symptom. Therefore, an act of administration to an indi-
vidual who has developed an illness, disease or symptom,
for the prevention of aggravation of the symptom and the
like, and for the prevention of recurrence is one embodiment
of the treatment.

When the compound of the present invention is used as a
medicament, the compound of the present invention is
mixed with a pharmaceutically acceptable additive (excipi-
ent, binder, disintegrant, corrigent, flavor, emulsifier,
diluent, solubilizing agents and the like) to give a pharma-
ceutical composition which can be orally or parenterally
administered. A pharmaceutical composition can be formu-
lated by a general method.

While the subject to which the compound or pharmaceu-
tical composition of the present invention is to be adminis-
tered is not particularly limited, mammal is preferable.
Examples of the mammal include primates (e.g., human,
monkey, chimpanzee), rodents (e.g., mouse, rat, guinea pig),
pets (e.g., dog, cat, rabbit), working animals or domestic
animals (e.g., bovine, horse, swine, sheep, goat), and human
is preferable.

In the present specification, parenteral includes subcuta-
neous injection, intravenous injection, intramuscular injec-
tion, intraperitoneal injection, drip or topical administration
(intraarticular administration, transdermal administration,
transocular administration, transpulmonary or bronchial
administration, transnasal administration, transrectal admin-
istration and the like) and the like.

The dose of the compound of the present invention is
determined according to the age, body weight, general
health condition, sex, diet, administration time, administra-
tion method, clearance rate, and the level of symptom for
which patients are undergoing treatments at that time, or
further in consideration of other factors. While the daily
dose of the compound of the present invention varies
depending on the condition and body weight of patient, the
kind of the compound, administration route and the like, it
is parenterally administered at, for example, about 0.001 to
100 mg/patient/day by subcutaneous, intravenous, intramus-
cular, intraarticular, transdermal, transocular, transpulmo-
nary or bronchial, transnasal or rectal administration, or
about 0.01 to 1000 mg/patient/day by oral administration.

EXAMPLES

The present invention is explained in detail in the follow-
ing by referring to Reference Examples, Examples and
Experimental Examples, which are not to be construed as
limitative.
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Reference Example 1

methyl [(6S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate (Reference Example Compound 1)

Cl

=
=

To a suspension of (6S)-4-(4-chlorophenyl)-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepine-
6-acetic acid (300 g) in methanol (1.5 L) was added drop-
wise (10-25° C.) under ice-cooling thionyl chloride (320 g)
over 1 hr, and the mixture was stirred at room temperature
for 4 hr. After completion of the reaction, the solvent was
evaporated under reduced pressure, chloroform (1.5 L) and
water (1 L) were added for partitioning, and the mixture was
further extracted with chloroform (500 mL). The organic
layer was washed with saturated aqueous sodium hydrogen
carbonate (500 mL), dried over anhydrous sodium sulfate,
and the solvent was evaporated under reduced pressure
(azeotropically distilled twice with methanol). The residue
was washed with methanol/water (300 mL/300 mL) to give
the title compound (250 g).

MS (ESI) m/z: 415.2 [M+H]*

Reference Example 2
methyl {(6S)-4-[4-(5,5-dimethyl-1,3,2-dioxabori-
nan-2-yl)phenyl]-2,3,9-trimethyl-6H-thieno[3,2-f][1,

2,4]triazolo[4,3-a][1,4]diazepin-6-y1}acetate (Refer-
ence Example Compound 2)

—N
/ \ AN
S N N
p

A mixture of Reference Example compound 1 (12.4 g),
dichlorobis(tricyclohexylphosphine)palladium (1.1 g) and

w
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potassium acetate (4.42 g) was stirred in dioxane at 100° C.
for 5 hr. After cooling, water and chloroform were added for
partitioning, and the chloroform layer was washed with
saturated brine and dried over anhydrous sodium sulfate.
The solvent was evaporated and the residue was purified by
silica gel column chromatography (chloroform:metha-
nol=100:1) to give the title compound (14.8 g). MS (ESI)
m/z: 425 [M+H-68]"* (hydrolysis of boronic acid ester)

Reference Example 3

methyl {(6S)-2,3,9-trimethyl-4-[4-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaboronan-2-yl)phenyl]-6H-thieno|[3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate
(Reference Example Compound 3)

0
O\B/
—N
/ \ N
s N \N 0
—/
N

Under an argon stream, Reference Example compound 1
(5.00 g), bis(pinacolato)diboron (4.59 g), potassium acetate
(2.37 g) and dichlorobis(tricyclohexylphosphine)palladium
(445 mg) were heated under reflux in a tetrahydrofuran
solvent for 25 hr. Furthermore, dichlorobis(tricyclohex-
ylphosphine)palladium (445 mg), bis(pinacolato)diboron
(1.53 g) were added and the mixture was heated under reflux
for 7 hr. Bis(pinacolato)diboron (1.53 g), potassium acetate
(1.18 g) and dichlorobis(tricyclohexylphosphine)palladium
(445 mg) were added and the mixture was heated under
reflux for 16 hr. After cooling to room temperature, the
reaction mixture was filtered through celite using ethyl
acetate. The filtrate was washed twice with saturated brine,
and the organic layer was concentrated under reduced pres-
sure. The residue was purified by silica gel column chro-
matography (chloroform/methanol=100:0-97:3) and then by
silica gel column chromatography (ethyl acetate/metha-
nol=100:0-95:5) to give the title compound (5.27 g) as a
pale-yellow solid. MS (ESI) m/z: 507.2 [M+H]*

Reference Example 4

(4-1) 3-(4-bromophenyl)-3-oxopropanenitrile (Ref-
erence Example Compound 4-1)

Br

N\
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At room temperature, to a suspension of sodium methox-
ide (12.4 g) in dimethylsulfoxide (23 mL) was added
acetonitrile (12.3 g), and the mixture was stirred at room
temperature for 2 hr. A solution of ethyl 4-bromobenzoate
(22.9 g) in dimethy] sulfoxide (23 ml.) was slowly added,
and the mixture was stirred at 45° C. for 3 hr. The reaction
solution was cooled under ice-cooling, water and concen-
trated hydrochloric acid were added and the mixture was
stirred for 0.5 hr. The precipitate was collected by filtration
and the obtained residue was dried to give the title com-
pound (22.4 g) as a pale-brown solid. '"H NMR (400 MHz,
DMSO-d6) 84.75 (brs, 2H), 7.87-7.70 (m, 4H)

(4-2) (2-amino-4,5-dimethylthiophen-3-yl) (4-brom-
ophenyl)methanone (Reference Example Compound
4-2)

/

NH
S 2

A mixture of Reference Example compound 4-1 (25.0 g),
ethyl methyl ketone (8.0 g), sulfur (3.6 g), morpholine (9.7
ml) and ethanol (325 mL) was stirred at 70° C. for 7 hr.
After evaporation of the solvent, ethyl acetate was added.
The organic layer was washed with 1IN hydrochloric acid,
1N aqueous sodium hydroxide solution and saturated brine,
dried over anhydrous sodium sulfate and filtered. The filtrate
was concentrated under reduced pressure. To the obtained
solid was added ethanol, and the mixture was stirred at room
temperature for 2 hr. The precipitate was collected by
filtration to give the title compound (13.5 g) as a yellow
solid.

MS (ESI) m/z: 310.2, 312.1 [M+H]*

(4-3) (35)-5-(4-bromophenyl)-3,6,7-trimethyl-1,3-
dihydro-2H-thieno[2,3-e][1,4]diazepin-2-one (Refer-
ence Example Compound 4-3)

_—N

/ \

Under ice-cooling, to Reference Example compound 4-2
(43.0 g) were added (2S)-2-(t-butoxycarbonylamino)pro-
panoic acid (27.6 g) and pyridine (200 mL), and phe-
nylphosphony! dichloride (29.7 g) was slowly added drop-
wise, and the mixture was stirred under ice-cooling for 1 hr.
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After evaporation of the solvent, ethyl acetate was added,
and the organic layer was washed with saturated aqueous
sodium hydrogen carbonate and water, dried over anhydrous
sodium sulfate and filtered. The filtrate was concentrated
under reduced pressure. To a solution of the obtained residue
in dichloromethane (70 mL) was added trifluoroacetic acid
(53 mL), and the mixture was stirred at room temperature for
2 hr. Trifluoroacetic acid (53 mL) was added and the mixture
was stirred at room temperature for 2 hr. The reaction
solution was concentrated and azeotropically distilled with
toluene. To the obtained mixture was added saturated aque-
ous sodium hydrogen carbonate, and the mixture was
extracted with ethyl acetate. The organic layer was dried
over anhydrous sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure. To a suspension of the
obtained residue in 2-propanol (200 ml.) was added acetic
acid (12 mL), and the mixture was stirred at 90° C. for 1 hr.
To the reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was extracted with
ethyl acetate. The organic layer was washed with saturated
aqueous sodium hydrogen carbonate, dried over anhydrous
sodium sulfate and filtered. The filtrate was concentrated
under reduced pressure. To the obtained residue was added
ethyl acetate (43 mL) and the mixture was stirred at 45° C.
for 1 hr. The insoluble material was collected by filtration.
The obtained solid was dried under reduced pressure to give
the title compound (25.7 g) as a yellow solid. MS (ESI) m/z:
363.2, 365.2 [M+H]*

(4-4) (68S)-4-(4-bromophenyl)-2,3,6,9-tetramethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepine
(Reference Example Compound 4)

s 94
S~

Under ice-cooling, to a solution of Reference Example
compound 4-3 (9.6 g) in tetrahydrofuran (65 mL) was added
sodium hydride (60%, 1.1 g) and the mixture was stirred for
0.5 hr. Diethylphosphonyl chloride (5.5 g) was added and
the mixture was stirred at room temperature for 0.25 hr.
Acetohydrazide (2.9 g) and n-butanol (10 mL) were added
and the mixture was stirred at 70° C. for 0.5 hr. To the
reaction mixture was added saturated aqueous sodium
hydrogen carbonate, and the mixture was extracted with
ethyl acetate. The organic layer was washed with saturated
brine, dried over anhydrous sodium sulfate, filtered, and the
filtrate was concentrated under reduced pressure. The
obtained residue was purified by NH silica gel column
chromatography (n-hexane:ethyl acetate) to give the title
compound (8.9 g) as a yellow powder.

MS (ESI) m/z: 401.1, 403.1 [M+H]*
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Reference Example 5

(5-1) t-butyl [(1S)-1-(4-bromophenyl)ethyl|carbam-
ate (Reference Example Compound 5-1)

LAy

(S)-1-(4-bromophenyl)ethanamine (21.0 g), ethyl acetate
(53 mL) and water (53 mL) were mixed, under ice-cooling,
sodium hydrogen carbonate (6.61 g) and di-t-butyl carbon-
ate (27.5 g) were added, and the mixture was stirred at room
temperature overnight. The reaction mixture was filtered.
The obtained crude crystal was suspended in hexane/water
and washed to give the title compound (31.3 g) as a colorless
solid. 'H NMR (400 MHz, CDCl,) 81.41 (brs, 12H), 4.74
(brs, 2H), 7.16-7.18 (m, 2H), 7.43-7.46 (m, 2H)

(5-2) t-butyl {(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamate (Reference Example Com-
pound 5-2)

S

=

N
S\/

A mixture of Reference Example compound 5-1 (32.2 g),
dimethylacetamide (80 mL), 4-methylthiazole 21.3 g), pal-
ladium acetate (482 mg) and potassium acetate (21.0 g) was
stirred under a nitrogen atmosphere at 90° C. for 7 hr. Water
was added to the reaction mixture, and the mixture was
extracted with ethyl acetate. The organic layer was washed
successively with water and saturated brine, dried over
anhydrous sodium sulfate, filtered and concentrated. The
obtained residue was purified by silica gel column chroma-
tography (hexane:ethyl acetate=7:3) to give the title com-
pound (23.4 g) as a colorless solid.

MS (ESI) m/z: 319.4 [M+H]*

(5-3) (18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

ethan-1-amine hydrochloride (Reference Example
Compound 5-3)

LN

HClL

s—7
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To a mixture of Reference Example compound 5-2 (24.3
g) and 1,4-dioxane was added 4 M hydrogen chloride/
dioxane solution, and the mixture was stirred at room
temperature for 5 hr. The reaction mixture was concentrated
and suspension washed with isopropyl ether to give the title
compound (20.5 g) as a yellow solid. MS (ESI) m/z: 219.2
[M+H]*

(5-4) methyl (2S,4R)-1-{(28)-2-[(t-butoxycarbonyl)
amino]-3,3-dimethylbutanoyl}-4-hydroxypyrroli-
dine-2-carboxylate (Reference Example Compound
5-4)

kg

(25)-2-(t-butoxycarbonylamino)-3,3-dimethyl-butanoic
acid (27.0 g), N,N-dimethylformamide (220 ml) were
mixed, N,N-diisopropylethylamine (60 mL), methyl (2S,
4R)-4-hydroxypyrrolidine-2-carboxylate hydrochloride
(21.2 g) and 1-[bis(dimethylamino)methylene]-1H-1,2,3-tri-
azolo[4,5-b]pyridinium 3-oxide hexafluorophosphate (48.8
g, hereinafter indicated as HATU) were added under ice-
cooling, and the mixture was stirred at room temperature
overnight. Water was added to the reaction mixture, the
mixture was extracted with ethyl acetate. The organic layer
was washed successively with 10% aqueous citric acid
solution, saturated aqueous sodium hydrogen carbonate and
saturated brine, dried over anhydrous sodium sulfate, filtered
and concentrated. The obtained residue was purified by
silica gel column chromatography (chloroform:metha-
nol=100:0-10:1) to give the title compound (41.0 g) as a
pale-yellow oil. MS (ESI) m/z: 259.2 [M-Boc+2H]|*

(5-5) (28,4R)-1-{(2S)-2-[(t-butoxycarbonyl)amino]-
3,3-dimethylbutanoyl } -4-hydroxypyrrolidine-2-car-
boxylic acid (Reference Example Compound 5-5)

OH

xU/Wa

To a mixture of Reference Example compound 5-4 (41.0
g), tetrahydrofuran (380 mL) and water (190 mL.) was added
lithium hydroxide (8.21 g) and the mixture was stirred at
room temperature overnight. The reaction mixture was con-
centrated, 1N hydrochloric acid was added under ice-cool-
ing, and the precipitated solid was collected by filtration to
give the title compound (27.4 g) as a colorless solid.

MS (ESI) m/z: 245.2 [M-Boc+2H]"
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(5-6) t-butyl {(28)-1-[(2S,4R)-4-hydroxy-2-({(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamate (Reference Example
Compound 5-6)

-

To a mixture of Reference Example compound 5-3 (20.5
g), Reference Example compound 5-5 (27.8 g) and N,N-
dimethylformamide (350 mL) were added, under ice-cool-
ing, N,N-diisopropylethylamine (42.2 mL), HATU (36.8 g),
and the mixture was stirred at room temperature overnight.
Water was added to the reaction mixture, and the mixture
was extracted with ethyl acetate. The organic layer was
washed successively with saturated brine, dried over anhy-
drous sodium sulfate, filtered and concentrated. The
obtained residue was dissolved in chloroform, hexane was
added and the precipitated solid was collected by filtration to
give the title compound (36.9 g) as a colorless solid. MS

(ESD) nv/z: 445.3 [M-Boc+2H]*

(5-7) (28,4R)-1-[(2S)-2-amino-3,3-dimethylbu-
tanoyl]-4-hydroxy-N-{(18)-1-[4-(4-methyl-1,3-thi-
azol-5-yl)phenyl]ethyl}pyrrolidine-2-carboxamide
hydrochloride (Reference Example Compound 5)

OH

N
H,N

HCl

@
—1

To a mixture of Reference Example compound 5-6 (34.8
g), chloroform (160 mL) and 1,4-dioxane (500 mL) was
added dropwise under ice-cooling 4 M hydrogen chloride/
dioxane solution, and the mixture was stirred at room
temperature overnight. The reaction mixture was concen-
trated, acetonitrile was added and the mixture was concen-
trated to give the title compound (30.0 g) as a pale-yellow
solid. MS (ESI) ny/z: 445.5 [M+H]*
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Reference Example 6

(6-1) 4-(4-methyl-1,3-thiazol-5-yl)benzonitrile (Ref-
erence Example Compound 6-1)

@
1

To a solution of 4-methylthiazole 10.9 g) in dimethylac-
etamide (55 mL) were added 4-bromobenzonitrile (10.0 g),
potassium acetate (10.8 g) and palladium acetate (25 mg),
and the mixture was stirred with heating at an outer tem-
perature of 150° C. for 18 hr. The reaction mixture was
cooled to room temperature, diluted with ethyl acetate and
the insoluble material was filtered off through diatomaceous
earth. Water was added to the filtrate and the mixture was
extracted twice with ethyl acetate. The organic layer was
washed 3 times with saturated brine, dried over anhydrous
sodium sulfate, filtered, and the filtrate was concentrated
under reduced pressure. The obtained residue was purified
by silica gel column chromatography (hexane:ethyl
acetate=80:20-50:50) to give the title compound (8.93 g) as
a pale-yellow solid.

MS (ESI) m/z: 201.1 [M+H]*

(6-2) 1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl|meth-
anamine (Reference Example Compound 6-2)

LN

@
1

To a solution of Reference Example compound 6-1 (8.00
g) in methanol (400 ml.) was added cobalt(II) chloride (7.80
g) at an inside temperature of 5° C. Under a nitrogen
atmosphere, sodium borohydride (7.56 g) was slowly added
over 45 min while keeping the inside temperature at 5-8° C.,
and the mixture was stirred at inside temperature 5° C. for
90 min. To the reaction mixture were added aqueous ammo-
nia, water and the mixture was stirred at room temperature
for 15 min. The mixture was extracted 3 times with chlo-
roform. The precipitated insoluble material was removed
using diatomaceous earth, and the organic layer was washed
with saturated brine, dried over magnesium sulfate, filtered
and concentrated. The obtained residue was purified twice
by NH silica gel column chromatography (ethyl acetate:
methanol=100:0-93:7, hexane:ethyl acetate=50:50-0:100) to
give the title compound (3.78 g) as a pale-yellow oil. ‘H
NMR (400 MHz, CDCly) 382.54 (s, 3H), 3.92 (s, 2H),
7.35-7.45 (4H, m), 8.67 (s, 1H)
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(6-3) t-butyl (28,4R)-4-hydroxy-2-({[4-(4-methyl-1,
3-thiazol-5-yl)phenyl|methyl} carbamoyl)pyrroli-
dine-1-carboxylate (Reference Example Compound
6-3)

_J

To a solution of Reference Example compound 6-2 (3.77
g) in N,N-dimethylformamide (46 mL.) were added (2S,4R)-
1-(t-butoxycarbonyl)-4-hydroxyproline 4.27 g) and N,N-
diisopropylethylamine (12.8 mL). N,N-dimethylformamide
(46 ml.) was added and the mixture was stirred for 5 min.
HATU (7.73 g) was added and the mixture was stirred for 30
min. Water was added to the reaction mixture and the
mixture was extracted with ethyl acetate. The organic layer
was washed twice with saturated brine, dried over anhy-
drous sodium sulfate, filtered and concentrated. The
obtained residue was purified by silica gel column chroma-
tography (ethyl acetate:methanol=100:0-90:10) to give the
title compound (9.15 g) as an orange oil.

MS (ESI) m/z: 418.4 [M+H]*

(6-4) t-butyl {(2S)-1-[(2S,4R)-4-hydroxy-2-({[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]methyl }carbamoyl)
pyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2-
yl}carbamate (Reference Example Compound 6-4)

OH

XUE@

A solution of Reference Example compound 6-3 (9.15 g)
in dichloromethane (50 mL) and trifluoroacetic acid (50 mL.)
was stirred at room temperature for 30 min. The reaction
mixture was concentrated under reduced pressure, toluene
was added to the residue and the mixture was concentrated
under reduced pressure. This operation was performed 3
times. To a solution of the obtained residue in N,N-dimeth-
ylformamide (10 mL) was added N,N-diisopropylethylam-
ine (19.0 mL). The solution was added to a solution of
separately prepared (2S)-2-(t-butoxycarbonylamino)-3,3-di-
methyl-butanoic acid (5.10 g), N,N-dimethylformamide
(43.8 mL)), HATU (9.17 g) with a pipette, and the reaction
mixture was stirred at room temperature for 15 min. HATU
(4.17 g), N,N-diisopropylethylamine (7.58 mL) were further
added and the mixture was stirred at room temperature for
1 hr. Water was added to the reaction mixture and the
mixture was extracted 4 times with ethyl acetate. The
organic layer was washed twice with saturated brine, dried
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over anhydrous sodium sulfate, filtered and concentrated.
The obtained residue was purified by NH silica gel column
chromatography (ethyl acetate:methanol=100:0-90:0) and
silica gel column chromatography (chloroform:metha-
nol=100:0-90:10) to give the title compound (5.51 g) as a
pale-yellow powder.

MS (ESI) m/z: 531.4 [M+H]"

(6-5) (28,4R)-1-[(2S)-2-amino-3,3-dimethylbu-
tanoyl]-4-hydroxy-N-{[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]methyl }pyrrolidine-2-carboxamide hydro-
chloride (Reference Example Compound 6)

H—ClI
OH

LN

7 “x
_J

To a solution of Reference Example compound 6-4 (4.50
g) in dichloromethane (21.2 mL) was added 4 M hydrogen
chloride/dioxane solution, and the mixture was stirred at
room temperature for 1 hr. The reaction mixture was con-
centrated and the precipitated solid was suspension washed
with diethyl ether to give the title compound (5.04 g) as a
white solid.

MS (ESI) m/z: 431.3 [M+H]"

Reference Example 7

2-hydroxy-5-(4.4,5,5-tetramethyl-1,3,2-dioxaboro-
nan-2-yl)benzonitrile (Reference Example Com-

pound 7)
\
N
o B 4
OH

A mixture of 5-bromo-2-hydroxybenzonitrile (5.15 g),
bis(pinacolato)diboron (9.90 g), potassium acetate (7.66 g),
1,1'-bis(diphenylphosphino)ferrocene-palladium(Il) dichlo-
ride dichloromethane complex (4.25 g) and 1,4-dioxane
(260 mL) was stirred at 60° C. for 32 hr. 1,1'-Bis(diphe-
nylphosphino)ferrocene-palladium(II) dichloride dichlo-
romethane complex (4.20 g) and bis(pinacolato)diboron
(5.20 g) were added, and the mixture was further stirred for
8 hr. The reaction mixture was concentrated, ethyl acetate
was added to the residue and the precipitate was collected by
filtration from the reaction mixture. The filtrate was parti-
tioned by adding water. The organic layer was washed with
saturated brine and dried over anhydrous sodium sulfate,
and the solvent was evaporated under reduced pressure. The
obtained residue was purified by silica gel column chroma-
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tography (hexane:ethyl acetate=100:0-65:35). The precipi-
tated solid was suspension washed with ethyl acetate:hexane
(10:1) solution and collected by filtration to give the title
compound (3.27 g) as a white solid. The filtrate was further
purified by silica gel column chromatography (hexane:ethyl
acetate=70:30) to give the title compound (925 mg) as a
white solid. MS (ESI) m/z: 244.3 [M-H]|~

Reference Example 8
t-butyl [4-(4,4,5,5-tetramethyl-1,3,2-dioxaboronan-

2-yl)phenoxy|acetate (Reference Example Com-
pound 8)

e}

ALK

O\w

To a suspension of 4-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)phenol (5.26 g) in acetonitrile (50 mL) were
added at room temperature t-butyl bromoacetate (3.86 ml.)
and cesium carbonate (9.35 g) and the mixture was stirred at
60° C. for 30 min. Water was added to the reaction mixture,
and the mixture was extracted with chloroform. The organic
layer was mixed, dried over anhydrous sodium sulfate and
filtered. The solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (hexane:ethyl acetate=100:0-90:10) to give the title
compound (6.83 g) as a white solid. 'H NMR (400 MHz,
CDCl,) dppm 1.33 (12H, s), 1.48 (9H, s), 4.53 (2H, s), 6.88
(2H, d, I=8.2 Hz), 7.74 (2H, d, I=8.7 Hz)

Reference Example 9

(2S,4R)-1-[(2S)-3,3-dimethyl-2-{2-[4-(4,4,5,5-te-
tramethyl-1,3,2-dioxaboronan-2-yl)phenoxy]|
acetamido } butanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Reference Example Compound 9)

OH

O S
O\/©/;\ N
i
(@] (@]

(@]

To a solution of Reference Example compound 8 (110
mg) in dichloromethane (1 ml) was added at room tem-
perature trifluoroacetic acid (1 mL), and the mixture was
stirred at the same temperature for 1 hr. The reaction mixture
was concentrated under reduced pressure and toluene was
added to the residue. The solvent was evaporated under

=z
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reduced pressure and the obtained residue was dissolved by
adding Reference Example compound 5 (190 mg) and
N,N-dimethylformamide (3.3 ml) at room temperature.
N,N-diisopropylethylamine (0.57 mL) and HATU (175 mg)
were added at the same temperature and the mixture was
stirred at the same temperature for 1 hr. Water was added to
the reaction mixture, and the mixture was extracted twice
with ethyl acetate, and the extract was washed with water
and saturated brine, dried over anhydrous sodium sulfate
and filtered. The solvent was evaporated under reduced
pressure. The residue was purified by silica gel column
chromatography (chloroform:methanol=100:0-97:3) to give
the title compound (217 mg) as a white powder.
MS (ESI) m/z: 705.5 [M+H]"

Reference Example 10

methyl [(6S)-4-(4-aminophenyl)-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate (Reference Example Compound 10)

NH,

NS
=

A mixed solution of Reference Example compound 1 (500
mg), 2-di-t-butylphosphino-2'-4'-6'-triisopropylbiphenyl
(t-BuXphos, 77 mg), tris(dibenzylideneacetone)dipalladium
(55 mg), tripotassium phosphate (640 mg) and benzophe-
nonimine (262 mg) in 1,2-dimethoxyethane (2.4 mL) was
stirred at 60° C. for 4 hr. To the reaction solution were added
t-BuXphos (31 mg), tris(dibenzylideneacetone)dipalladium
(22 mg) and the mixture was further stirred at 60° C. for 16
hr. Water was added to the reaction solution and the mixture
was extracted with ethyl acetate. The organic layer was
washed with saturated brine and dried over anhydrous
sodium sulfate and the solvent was evaporated under

7
_J

reduced pressure. The obtained residue was dissolved in
tetrahydrofuran (10 mL), IN hydrochloric acid was added
and the mixture was stirred at room temperature for 2 hr. The
reaction solution was partitioned between ethyl acetate and
IN aqueous sodium hydroxide solution, and the aqueous
layer was extracted again twice with ethyl acetate. The
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organic layers were combined, washed with saturated brine
and dried over anhydrous sodium sulfate, and the solvent
was evaporated under reduced pressure. The obtained resi-
due was purified by NH silica gel column chromatography
(hexane:ethyl acetate=70:30-40:60-0:100) to give the title
compound (249 mg) as a yellow powder. MS (ESI) m/z:
396.3 [M+H]*

Reference Example 11

t-butyl 4'-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl][1,1'-biphenyl]-4-carboxylate (Refer-
ence Example Compound 11)

A mixture of Reference Example compound 1 (5.00 g),
t-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ben-
zoate (4.03 g), potassium fluoride (2.10 g), 2-dicyclohex-
ylphosphino-2'-6'-dimethoxybiphenyl (hereinafter to be
indicated as S-phos, 495 mg), palladium acetate (271 mg),
tetrahydrofuran (40.2 ml.) and water (0.78 mL) was stirred
with heating under reflux for 40 hr. Furthermore, (4-t-
butoxycarbonylphenyl)boronic acid (803 mg), S-phos (247
mg), palladium acetate (135 mg), water (0.78 mlL) were
added and the mixture was stirred for 20 hr. To the reaction
mixture was added ethyl acetate, the insoluble material in
the reaction mixture was filtered off through diatomaceous
earth, and the filtrate was concentrated under reduced pres-
sure. To the residue were added chloroform, water to extract
the organic layer, and the aqueous layer was extracted again
with chloroform. The organic layer was collected, dried over
anhydrous sodium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=98:2-
95:5). It was further purified by silica gel column chroma-
tography (chloroform:methanol=100:0-95:5) to give the title
compound (6.55 g) as a crudely purified yellow solid. MS
(ESD) nv/z: 557.3 [M+H]*
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Reference Example 12

(12-1) t-butyl [(2S)-1-{[3-(4-chlorobenzoyl)-4,5-
dimethylthiophen-2-ylJamino }-1-oxopropan-2-yl]
carbamate (Reference Example Compound 12-1)

Cl

(6]
(€]
/ §
N. O
N \“/ \’<
S H
(6]

Under ice-cooling, to (2-amino-4,5-dimethyl-3-thienyl)-
(4-chlorophenyl)methanone (10 g) described in J. Med.
Chem. 1973, 16, 214 were added (2S)-2-(t-butoxycarbo-
nylamino)propanoic acid (7.5 g) and pyridine (75 mL),
phenylphosphonyl dichloride (28 g) was slowly added drop-
wise and the mixture was stirred under ice-cooling for 1 hr.
After evaporation of the solvent, ethyl acetate was added,
and the organic layer was washed with saturated aqueous
sodium hydrogen carbonate, dried over anhydrous sodium
sulfate, filtered, and the filtrate was concentrated under
reduced pressure. The obtained residue was purified by silica
gel column chromatography (hexane:ethyl acetate) to give
the title compound (13 g) as a yellow powder. MS (ESI) m/z:
337.1 [M-Boc+2H]*

(12-2) (3S)-5-(4-chlorophenyl)-3,6,7-trimethyl-1,3-
dihydro-2H-thieno[2,3-¢][1,4]diazepin-2-one (Refer-
ence Example Compound 12-2)

Cl

N

—

[\

At room temperature, to a solution of Reference Example
compound 12-1 (13 g) in dichloromethane (26 mL) was
added trifluoroacetic acid (26 mL), the mixture was stirred
for 1 hr, and the solvent was evaporated. To the obtained
residue was added saturated aqueous sodium hydrogen

carbonate, and the mixture was extracted with chloroform.
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The organic layer was dried over anhydrous sodium sulfate,
filtered, and the filtrate was concentrated under reduced
pressure. To the obtained residue were added 2-propanol (53
ml) and acetic acid (2.6 mL), and the mixture was stirred at
90° C. for 1 hr. To the reaction mixture was added saturated
aqueous sodium hydrogen carbonate, and the mixture was
extracted with chloroform. The organic layer was dried over
anhydrous sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure. The obtained residue
was suspension washed with ethyl acetate, and the insoluble
material was collected by filtration. The obtained solid was
dried under reduced pressure to give the title compound (8.1
g) as a white solid.
MS (ESI) m/z: 319.1 [M+H]*
(12-3) (3S)-5-(4-chlorophenyl)-3,6,7-trimethyl-1,3-

dihydro-2H-thieno[2,3-¢][1.,4]diazepine-2-thione
(Reference Example Compound 12-3)

Cl

—'_N/\(

s i S
At room temperature, to Reference Example compound
12-2 (8.0 g) were added Lawesson reagent (10 g) and
1,2-dimethoxyethane (159 mL), and the mixture was stirred
at 80° C. for 1.25 hr. The solvent was evaporated and the
obtained residue was purified by NH silica gel column
chromatography (chloroform:methanol) to give the title

compound (6.9 g) as a pale-yellow solid. MS (ESI) m/z:
335.1 [M+H]*

(12-4) (6S)-4-(4-chlorophenyl)-2,3,6,9-tetramethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepine
(Reference Example Compound 12)

Cl

s 98
S~
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At room temperature, to a suspension of Reference
Example compound 12-3 (6.9 g) in tetrahydrofuran (51 mL)
was added hydrazine monohydrate (3.1 g), and the mixture
was stirred for 3 hr. To the reaction mixture was added
saturated brine, and the mixture was extracted with chloro-
form. The organic layer was dried over anhydrous sodium
sulfate, filtered, and the filtrate was concentrated under
reduced pressure. To the obtained residue were added 1,1,
1-triethoxyethane (7.5 mL) and toluene (51 ml) and the
mixture was stirred at 120° C. for 1 hr. The solvent was
evaporated and the obtained residue was purified by silica
gel column chromatography (ethyl acetate:methanol) to give
the title compound (7.3 g) as a pale-red amorphous com-
pound. MS (ESI) m/z: 357.2 [M+H]*

Reference Example 13

methyl [4-(4-chlorophenyl)-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate (Reference Example Compound 13)

Cl

S
=

By an operation in the same manner as in (1-1) in
Reference Example 1 and using 4-(4-chlorophenyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4 ]diaz-
epine-6-acetic acid instead of (S)-4-(4-chlorophenyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepine-6-acetic acid, the title compound was obtained as
a white solid.

MS (ESI) m/z: 415.3 [M+H]"

Example 1

(1-1) t-butyl {2-[2-(2-benzyloxyethoxy)ethoxy]
ethoxy tacetate (Example Compound 1-1)

o) O o)
O\/ NN N \K
Y
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To a solution of 2-[2-(2-benzyloxyethoxy)ethoxy]ethanol
(5.00 g) in t-butyl alcohol (69.4 mL) was added potassium
t-butoxide (2.57 g) and the mixture was stirred at room
temperature for 2 hr. After cooling to 0° C., t-butyl bromo-
acetate (5.62 mL) was added and the mixture was stirred at
room temperature for 20 hr. To the reaction mixture were
added methylene chloride, water for partitioning. The
organic layer was washed with saturated brine, dried over
anhydrous sodium sulfate, filtered and the filtrate was con-
centrated under reduced pressure. The obtained residue was
purified by silica gel column chromatography (hexane:ethyl
acetate=90:10-70:30) to give the title compound (6.02 g) as
a colorless oil.

MS (ESI) m/z: 355.4 [M+H]*

(1-2) t-butyl {2-[2-(2-hydroxyethoxy)ethoxy]
ethoxy }acetate (Example Compound 1-2)

HO 0 0
NN j<
/T

To a solution of Example compound 1-1 (4.50 g) in
ethanol (42.3 ml) was added 10% palladium carbon (PH,
450 mg), and the mixture was vigorously stirred under a
hydrogen atmosphere at room temperature for 3 hr. The
reaction mixture was diluted with chloroform-ethanol (1:1),
the insoluble material was filtered off through diatomaceous
earth, and the filtrate was concentrated under reduced pres-
sure. The obtained residue was dried under reduced pressure
to give the title compound (3.15 g) as a yellow oil. MS
(APCI) m/z: 264.9 [M+H]*

(1-3) t-butyl [2-(2-{2-[(4-methylbenzene-1-sulfonyl)
oxy]ethoxy }ethoxy )ethoxyJacetate (Example Com-
pound 1-3)

/O\/\ /\/O\/\ 0
048\\0 o O/\"/ \K
(@]

To a solution of Example compound 1-2 (2.00 g) in
pyridine (30 mL) was added, under ice-cooling, p-toluene-

10

25

30

35

40

45

50

55

60

65

102

sulfonyl chloride (2.43 ml.) and the mixture was stirred for
4 hr, and further stirred at room temperature for 4 hr. The
reaction mixture was concentrated under reduced pressure at
30° C., and the residue was diluted with ethyl acetate,
washed twice with 5% aqueous potassium sulfite solution
and further with saturated brine, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The obtained residue was purified
by silica gel chromatography (hexane:ethyl acetate=80:20-
40:60) to give the title compound (2.76 g) as a pale-orange
oil. MS (ESI) m/z: 363.2 [M-tBu+2H]"

(1-4) methyl 3-{4-[(13,13-dimethyl-11-0x0-3,6,9,
12-tetraoxatetradecan-1-yl)oxy|phenyl }propanoate
(Example Compound 1-4)

O O O
NN N TN \’<
/\(L(

To a solution of methyl 3-(4-hydroxyphenyl)propanoate
(300 mg), Example compound 1-3 (836 mg) in N,N-dim-
ethylformamide (8.3 ml.) was added cesium carbonate (10.8
g), and the mixture was stirred at 80° C. for 1 hr. The
reaction mixture was diluted with ethyl acetate, washed
successively with water and saturated brine, dried over
anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The obtained residue
was purified by silica gel chromatography (hexane:ethyl
acetate=90:10-50:50) to give the title compound (698 mg) as

a colorless oil.

MS (ESI) m/z: 371.3 [M-tBu+2H]*

(1-5) [2-(2-{2-[4-(3-methoxy-3-0oxypropyl)phenoxy]
ethoxy }ethoxy)ethoxy]Jacetic acid (Example Com-
pound 1-5)

@) O OH
\/\O/\/ \/\O
/\([)I/

To a solution of Example compound 1-4 (682 mg) in
dichloromethane (4.0 mL) was added trifluoroacetic acid
(2.0 mL), and the mixture was stirred at room temperature
for 3 hr. The reaction mixture was concentrated under
reduced pressure, and an operation to added toluene to the
residue and concentrate was performed 3 times to give the

title compound (647 mg) as an unpurified pale-yellow oil.

MS (ESI) m/z: 371.3 [M+H]"
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(1-6) methyl 3-[4-({(13S)-13-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidine-1-carbonyl]-14,14-
dimethyl-11-0x0-3,6,9-trioxa-12-azapentadecan-1-
yl}oxy)phenyl]propanoate (Example Compound
1-6)

o 0 N WOH
\/\O/\/ \/\O/\’( -
N
O (6] 3
(6]
NH

S

0

To a solution of Reference Example compound 5 (200 ,
mg), Example compound 1-5 (186 mg) in N,N-dimethyl-
formamide (2.0 mL) were added, under ice-cooling, N,N-
diisopropylethylamine (0.360 mL) and HATU (221 mg) and
the mixture was stirred at room temperature for 1 hr. The 3°
reaction mixture was diluted with ethyl acetate, washed
successively with saturated aqueous sodium hydrogen car-
bonate, water and saturated brine, dried over anhydrous 35
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The obtained residue was purified
by silica gel chromatography (hexane:ethyl acetate=100:0-
95:5) to give the title compound (222 mg) as a colorless oil. 40

MS (ESI) m/z: 797.6 [M+H]*

(1-7) 3-[4-({(13S)-13-[(2S,4R)-4-hydroxy-2-({(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl] 45
ethyl}carbamoyl)pyrrolidine-1-carbonyl]-14,14-
dimethyl-11-0x0-3,6,9-trioxa-12-azapentadecan-1-
yl}oxy)phenyl]propanoic acid (Example Compound
1-7)

0 0 { WOH
\/\O SN \/\O /W B
N
HO. (6] o]
0 O
NH

S

9
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To a solution of Example compound 1-6 (212 mg) in
tetrahydrofuran (4.2 mL), water (1.1 mL) and methanol (1.1
ml.) was added, under ice-cooling, lithium hydroxide mono-
hydrate (22 mg) and the mixture was stirred for 4 hr and then
at room temperature for 2 hr. The reaction mixture was
diluted with ethyl acetate, washed successively with 5%
aqueous potassium bisulfite solution and saturated brine,
dried over anhydrous sodium sulfate, filtered and the solvent
was evaporated under reduced pressure to give the ftitle
compound (232 mg) as a colorless oil. MS (ESI) m/z: 783.7
[M+H]*

(1-8) methyl [(6S)-4-(4-{3-[4-({(135)-13-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidine-1-carbonyl]-14,
14-dimethyl-11-0x0-3,6,9-trioxa-12-azapentadecan-
1-yl}oxy)phenyl]propanamido }phenyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 1)

s

To a solution of Reference Example compound 10 (68
mg), Example compound 1-7 (149 mg) in N,N-dimethyl-
formamide (1.7 mL) were added N,N-diisopropylethylam-
ine (0.119 mL) and HATU (78 mg), and the mixture was
stirred at room temperature for 14 hr. Water was added to the
reaction mixture, and the mixture was extracted twice with
ethyl acetate, and the extract was washed with water, satu-
rated aqueous sodium hydrogen carbonate, dried over anhy-
drous sodium sulfate, and the solvent was evaporated. The
obtained residue was purified by preparative HPL.C (10 mM
aqueous ammonium carbonate solution-acetonitrile) to give

the title compound (129 mg) as a white solid.

MS (ESI) m/z: 1160.6 [M+H]*
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Example 2

(2-1) methyl [(6S)-4-(3'-cyano-4'-hydroxy[1,1'-bi-
phenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 2-1)

WOH

A mixture of Reference Example compound 7 (5.25 g),
Reference Example compound 1 (4.80 g), potassium fluo-
ride (2.02 g), tetrahydrofuran (58 mlL), S-phos (950 mg),
palladium acetate (260 mg) and water (0.75 mL) was stirred
with heating under reflux for 24 hr, S-phos (950 mg) and
palladium acetate (260 mg) were added and the mixture was
stirred for 24 hr. Reference Example compound 7 (1.05 g),
S-phos (950 mg), palladium acetate (260 mg) were added,
and the mixture was further stirred for 24 hr, the reaction
mixture was concentrated, water was added, extracted 3
times with ethyl acetate, and the extract was dried over
anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The obtained residue
was purified by silica gel column chromatography twice
(chloroform:methanol=98:2-92:8) (hexane:ethyl
acetate=20:80, chloroform:methanol=100:0-90:10) to give
the title compound (2.64 g) as a crudely purified pale-yellow
solid. MS (ESI) m/z: 498.4 [M+H]+
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(2-2) methyl [(6S)-4-{3'-cyano-4'-[(13,13-dimethyl-
11-0x0-3,6,9,12-tetraoxatetradecan-1-yl)oxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 2-2)

o 0 o)
NN w<
/i(

O\

To a mixture of Example compound 2-1 (83 mg), potas-
sium carbonate (46 mg) and N,N-dimethylformamide (1.1
ml) was added Example compound 1-3 (70 mg) and the
mixture was stirred at 60° C. for 1 hr. Water was added to
the reaction mixture and the mixture was extracted with
ethyl acetate. The organic layer was washed with water-
saturated brine (1:1), dried over anhydrous sodium sulfate,
filtered, and the filtrate was concentrated under reduced
pressure. The obtained residue was purified by silica gel 30
column chromatography (chloroform:methanol=100:0-90:
10) to give the title compound (121 mg) as a colorless oil.
MS (ESI) m/z: 744.4 [M+H]*

25

(2-3) (2-{2-[2-({3-cyano-4'-[ (6S)-6-(2-methoxy-2- 35
oxoethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-
yl}oxy)ethoxy]ethoxy }ethoxy)acetic acid (Example
Compound 2-3)

O O OH
NN NN
- Al
S %N
=
YN \N
! Vi

\N fo)

O

55

To a solution of Example compound 2-2 (121 mg) in
dichloromethane (4.0 mL) was added trifluoroacetic acid
(0.30 mL), and the mixture was stirred at room temperature
for 5 hr. To the reaction mixture was added water and the
mixture was extracted with ethyl acetate. The organic layer
was washed with water and saturated brine, dried over
anhydrous sodium sulfate, filtered and the filtrate was con-
centrated under reduced pressure. The obtained residue was
purified by silica gel column chromatography (chloroform:
methanol=100:0-80:20) to give the title compound (146 mg) 65
as a crudely purified yellow oil. MS (ESI) m/z: 688.3
[M+H]*

60
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(2-4) methyl {(6S)-4-[3'-cyano-4'-({(13S)-13-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yl)phenyl]ethyl}carbamoyl)pyrrolidine-1-carbo-
nyl]-14,14-dimethyl-11-0x0-3,6,9-trioxa-12-
azapentadecan-1-yl}oxy)[1,1'-biphenyl]-4-y1]-2,3,9- 5
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl }acetate (Example Compound 2)

N—N

To a solution of Example compound 2-3 (17 mg), Ret-
erence Example compound 5 (13 mg) in N,N-dimethylfor-
mamide (0.5 ml) and N,N-diisopropylethylamine (0.013
ml.) was added, under ice-cooling, HATU (14 mg), and the
mixture was stirred at room temperature for 3.5 hr. To the
reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was extracted with
chloroform. The solvent was evaporated under reduced
pressure. The obtained residue was purified by preparative
HPLC (10 mM aqueous ammonium carbonate solution-
acetonitrile) to give the title compound (9.6 mg) as a
colorless oil. MS (ESI) m/z: 558 3[(M+2H)/2]*

30

35

40
Example 3
(3-1) 2-amino-5-(4,4,5,5-tetramethyl-1,3,2-dioxabo- 45
ronan-2-yl)benzonitrile (Example Compound 3-1)
50
(6]
N
—B &
55
NH,

A mixture of 2-amino-5-bromo-benzonitrile (1.00 g), bis
(pinacolato)diboron (1.95 g), potassium acetate (1.50 g),
1,1'-bis(diphenylphosphino)ferrocene-palladium(Il) dichlo-
ride dichloromethane complex (207 mg) and 1,4-dioxane
(15 mL) was stirred under a nitrogen atmosphere at 80° C.
for 20 hr. The insoluble material in the reaction mixture was
filtered off through diatomaceous earth, and the filtrate was
concentrated under reduced pressure. The obtained residue
was purified by silica gel column chromatography (hexane:

60

65
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(OH
N
0
0 N
i

L)

ethyl acetate=91:9-66:34) to give the title compound (1.65
g) as a white solid.
MS (ESI) m/z: 245.1 [M+H]"

(3-2) methyl [(6S)-4-(4'-amino-3'-cyano[1,1'-biphe-
nyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 3-2)

NH,
== .
S %N
/
YN .
N N/
O

A mixture of Example compound 3-1 (262 mg), Refer-
ence Example compound 1 (300 mg), tripotassium phos-
phate (460 mg), tetrahydrofuran (3.6 mL), S-phos (119 mg),
palladium acetate (65 mg) and water (0.047 mL) was stirred
with heating under reflux for 4.5 hr. The insoluble material
in the reaction mixture was filtered off through diatoma-
ceous earth and the solvent was evaporated under reduced
pressure. The obtained residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-94:
6) and NH silica gel column chromatography (chloroform:
methanol=100:0-94:6) to give the title compound (393 mg)
as an orange solid.

MS (ESI) m/z: 497.4 [M+H]"
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(3-3) (2-{2-[2-({3-cyano-4'-[ (6S)-6-(2-methoxy-2-
oxoethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-
yl}amino)-2-oxoethoxy]ethoxy }ethoxy)acetic acid
(Example Compound 3-3)

112

H
N /\/O\/\ OH
(@) O
- I T
sdoaa
=
e,
l/

~y o

O\

To a mixture of 2-{2-[2-(carbomethoxy)ethoxy]
ethoxy Facetic acid (230 mg), dichloromethane (6.6 mL) and
oxalyl chloride (0.526 mL.) was added, under ice-cooling,
N,N-dimethylformamide (1 drop), and the mixture was
stirred at room temperature for 1 hr and concentrated. The
residue was dissolved in N,N-dimethylformamide (1.0 mL)
under ice-cooling, Example compound 3-2 (50 mg), N,N-
diisopropylethylamine (0.026 ml.) were added and the mix-
ture was stirred for 10 min. The reaction mixture was diluted
with toluene, and the solvent was evaporated under reduced
pressure. The obtained residue was purified by preparative
HPLC (10 mM aqueous ammonium carbonate solution-

O

HNJEO
O -

CJ

S/\N
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40

acetonitrile) to give the title compound (37 mg) as a yellow
oil. MS (ESI) nvz: 701.5 [M+H]*

(3-4) methyl {(6S)-4-[3'-cyano-4'-({(13S)-13-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl}carbamoyl)pyrrolidine-1-carbo-
nyl]-14,14-dimethyl-11-0x0-3,6,9-trioxa-12-
azapentadecanan-1-oyl}amino)[1,1'-biphenyl]-4-y1]-
2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-
a][1,4]diazepin-6-yl}acetate (Example Compound
3)

\/\ o
o/\/o \/4 (OH
HN N
0
0
N
H

—

s\/N
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To a solution of Example compound 3-3 (37 mg) and
Reference Example compound 5 (28 mg) in N,N-dimethyl-
formamide (1.1 mL), N,N-diisopropylethylamine (0.022
ml.) was added, under ice-cooling, HATU (30 mg), and the
mixture was stirred at room temperature for 1 hr. To the
reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was extracted with
chloroform. The solvent was evaporated under reduced
pressure. The obtained residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-95:
5) to give the title compound (30 mg) as a white solid.

MS (ESI) m/z: 1127.5 [M+H]*

Example 4

(4-1) methyl 3-[4-(2-t-butoxy-2-oxoethoxy)phenyl]
propanoate (Example Compound 4-1)

ALK

To a solution of methyl 3-(4-hydroxyphenyl)propanoate
(500 mg) and t-butyl 2-bromoacetate (649 mg) in N,N-
dimethylformamide (5.0 mL) was added cesium carbonate
(1.36 g), and the mixture was stirred at room temperature for
1 hr. The reaction mixture was diluted with ethyl acetate,
washed successively with water and saturated brine, dried
over anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The obtained residue
was purified by silica gel chromatography (hexane:ethyl
acetate=90:10-80:20) to give the title compound (786 mg) as
a colorless oil. MS (ESI) m/z: 239.2 [M-tBu+2H]*

(4-2) [4-(3-methoxy-3-oxypropyl)phenoxy]acetic
acid (Example Compound 4-2)

O\)k
OH

To a solution of Example compound 4-1 (780 mg) in
dichloromethane (3.9 ml) was added trifluoroacetic acid
(3.9 mL), and the mixture was stirred at room temperature
for 1 hr. The reaction mixture was concentrated, toluene was
added and the solvent was evaporated. This operation was
performed 3 times to give the title compound (625 mg) as an
unpurified colorless solid. MS (ESI) m/z: 237.3 [M-H]~
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(4-3) methyl 3-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-
2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethoxy|
phenyl}propanocate (Example Compound 4-3)

LtOH

NH

To a solution of Reference Example compound 5 (500
mg), Example compound 4-2 (272 mg) in N,N-dimethyl-
formamide (5.2 ml) were added, under ice-cooling, N,N-
diisopropylethylamine (0.899 mL) and HATU (553 mg) and
the mixture was stirred at room temperature for 18 hr. The
reaction mixture was diluted with ethyl acetate, washed
successively with saturated aqueous sodium hydrogen car-
bonate, water and saturated brine, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The obtained residue was purified
by silica gel chromatography (chloroform:methanol=100:0-
95:5) to give the title compound (548 mg) as a pale-yellow
oil. MS (ESI) nv/z: 665.6 [M+H]*

(4-4) 3-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethoxy]
phenyl}propanoic acid (Example Compound 4-4)

O
HO
H
N.
O/\[(
O

O N LnOH

/I °

NG NH

To a solution of Example compound 4-3 (542 mg) in
tetrahydrofuran (11 mL), water (2.7 mL) and methanol (2.7
ml.) was added, under ice-cooling, lithium hydroxide mono-
hydrate (103 mg) and the mixture was stirred at room
temperature for 3 hr. The reaction mixture was diluted with
ethyl acetate, washed successively with 5% aqueous potas-
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sium bisulfite solution and saturated brine, dried over anhy-
drous sodium sulfate, filtered and the solvent was evapo-
rated under reduced pressure to give the title compound (521
mg) as a colorless solid. MS (ESI) m/z: 651.6 [M+H]*

(4-5) methyl {(6S)-4-[4-(3-{4-[2-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]
phenyl}propanamido)phenyl]-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4|diazepin-6-
yl}acetate (Example Compound 4)

0
HN
H
N
O/\"/
0
O N .n\OH
7 / N //—s 0
S N A NH

N

/Q\N/\N o O\

To a solution of Example compound 4-4 (428 mg) and
Reference Example compound 10 (200 mg) in N,N-dimeth-
ylformamide (5.0 mL) were added, under ice-cooling, N,N-
diisopropylethylamine (0.262 ml.) and HATU (385 mg), and
the mixture was stirred at room temperature for 16 hr. To the
reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was extracted with
ethyl acetate, and the extract was washed successively with
saturated aqueous sodium hydrogen carbonate and saturated
brine, dried over anhydrous sodium sulfate and filtered. The
solvent was evaporated under reduced pressure. The
obtained residue was purified by preparative HPL.C (10 mM
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aqueous ammonium carbonate solution-acetonitrile) to give 45

the title compound (220 mg) as a colorless solid. MS (ESI)
m/z: 1028.8 [M+H]*

116
Example 5

(5-1) methyl [(6S)-4-{4-[3-(4-hydroxyphenyl)pro-
panamido [phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f]
[1,2.,4]triazolo[4,3-a][ 1,4]diazepin-6-yl]acetate (Ex-

ample Compound 5-1)

e
W N)%N 0
g i\N )J\O P
0
i

A mixture of Reference Example compound 10 (153 mg),

HO

3-(4-hydroxyphenyl)propanoic acid (77 mg), dichlorometh-
ane (1.9 mL) and 1-(3-dimethylaminopropyl)-3-ethylcarbo-
diimide hydrochloride (WSCI, 148 mg) was stirred at room
temperature for 20 hr, 3-(4-hydroxyphenyl)propanoic acid
(38 mg) and WSCI (74 mg) were added, and the mixture was
further stirred for 35 hr. Water was added to the reaction
mixture for partitioning, and the organic layer was concen-
trated. The obtained residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-95:
5) to give the title compound (197 mg) as a pale-yellow
solid. MS (ESI) nv/z: 544.2 [M+H]*

(5-2) 23-[(4-methylbenzene-1-sulfonyl)oxy]-3,6,9,
12,15,18,21-heptaoxatricosanoic acid (Example
Compound 5-2)
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To a solution of 2-(2-{2-[2-(2-{2-[2-(2-hydroxyethoxy)
ethoxy]ethoxy }ethoxy Jethoxy]ethoxy }ethoxy)ethyl 4-meth-
ylbenzenesulfonate (150 mg), carbon tetrachloride (0.57
mL), acetonitrile (0.57 mL) and water (0.38 mL.) were added
sodium periodate (86 mg) and trichlororuthenium (5.9 mg),
and the mixture was stirred at room temperature for 3 hr. The
insoluble material in the reaction mixture was filtered off
through diatomaceous earth and the filtrate was concentrated
under reduced pressure to give the title compound (151 mg)
as a yellow oil. MS (ESI) m/z: 537.3 [M-H]|~

(5-3) (258)-25-[(28,4R)-4-hydroxy-2-({(1S)-1-[4-
(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl } carbamoyl)
pyrrolidine-1-carbonyl]-26,26-dimethyl-23-0x0-3,6,

9,12,15,18,21-heptaoxa-24-azaheptacosan-1-yl
4-methylbenzene-1-sulfonate (Example Compound
5-3)

To a solution of Reference Example compound 5 (135
mg) and Example compound 5-2 (151 mg) in N,N-dimeth-
ylformamide (4.5 mlL) and N,N-diisopropylethylamine
(0.146 mL) was added, under ice-cooling, HATU (160 mg)
and the mixture was stirred at room temperature for 40 min.
To the reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was extracted twice
with ethyl acetate, and the extract was washed twice with
water-saturated brine (1:1), dried over anhydrous sodium
sulfate and filtered. The solvent was evaporated under
reduced pressure. The obtained residue was purified by silica
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gel chromatography (hexane:ethyl acetate=100:0-94:6) to
give the title compound (192 mg) as a colorless oil.
MS (ESI) m/z: 965.7 [M+H]*

(5-4) methyl [(6S)-4-(4-{3-[4-({(255)-25-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidine-1-carbonyl]-26,
26-dimethyl-23-0x0-3,6,9,12,15,18,21-heptaoxa-24-
azaheptacosan-1-yl}oxy)phenyl]
propanamido }phenyl)-2,3,9-trimethyl-6H-thieno[3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 5)

s ?I’I/\I\N 0
(T S )~
=N

NH
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A mixture of Example compound 5-1 (35 mg), Example
compound 5-3 (62 mg), potassium carbonate (13 mg) and
N,N-dimethylformamide (0.64 mL) was stirred at 60° C. for
23 hr. To the reaction mixture were added water and chlo-
roform and the mixture was stirred. The organic layer was
separated and concentrated under reduced pressure. The
obtained residue was purified by preparative HPL.C (10 mM
aqueous ammonium carbonate solution-acetonitrile) to give
the title compound (16 mg) as a white solid. MS (ESI) m/z:
1336.6 [M+H]*

Example 6

(6-1) t-butyl {2-[(4-methylbenzene-1-sulfonyl)oxy]
ethoxy }acetate (Example Compound 6-1)

/O\/\O/YO\’<
o

°~

S
|
(6]

To a solution of t-butyl 2-(2-hydroxyethoxy)acetate (1.09
g) in pyridine (10.9 mL) was added, under ice-cooling,
p-toluenesulfonyl chloride (1.76 g) and the mixture was
stirred at room temperature for 2.5 hr. The reaction mixture
was diluted with ethyl acetate and acidified with 1N hydro-
chloric acid under ice-cooling. The organic layer was sepa-
rated, washed again with 1N hydrochloric acid and succes-
sively washed with saturated brine, saturated saline. The
obtained residue was purified by silica gel column chroma-
tography twice (chloroform:methanol=100:0-90:10) (hexa-
ne:ethyl acetate=100:0-70:30) to give the title compound
(1.39 g) as a colorless oil.

MS (ESI) m/z: 661.2 [2 M+H]*

(6-2) methyl 3-{4-[2-(2-t-butoxy-2-oxoethoxy)
ethoxy]phenyl }propanoate (Example Compound
6-2)

AR

O

¢}

To a solution of Example compound 6-1 (323 mg) and
t-butyl  2-{2-[2-(2-hydroxyethoxy)ethoxy]ethoxy }acetate
(160 mg) in N,N-dimethylformamide (4.4 ml.) was added
cesium carbonate (434 mg), and the mixture was stirred at
80° C. for 1 hr. The reaction mixture was diluted with ethyl
acetate, washed successively with water and saturated brine,
dried over anhydrous sodium sulfate and filtered. The sol-
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vent was evaporated under reduced pressure. The obtained
residue was purified by silica gel column chromatography
(hexane:ethyl acetate=90:0-67:33) to give the title com-
pound (1.39 g) as a colorless oil. MS (ESI) m/z: 283.2
[M-tBu+2H]*

(6-3) {2-[4-(3-methoxy-3-oxypropyl)phenoxy]
ethoxy tacetic acid (Example Compound 6-3)

O\/\O/ﬁ(OH

O (6]
(6]

To a solution of Example compound 6-2 (294 mg) in
dichloromethane (2.0 mL) was added trifluoroacetic acid
(2.0 mL), and the mixture was stirred at room temperature
for 1 hr. The reaction mixture was concentrated, toluene was
added and the solvent was evaporated. This operation was
performed 3 times to give the title compound (245 mg) as an
unpurified colorless solid. MS (ESI) m/z: 283.3 [M+H]*

(6-4) methyl 3-(4-{2-[2-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-

1-oxobutan-2-yl }amino)-2-oxoethoxy]

ethoxy }phenyl)propanoate (Example Compound

6-4)
o N
\/\O/W
o o
- 0% "NTN\.w0H
o
S
//— O
N A NH

To a solution of Reference Example compound 5 (360
mg) and Example compound 6-3 (232 mg) in N,N-dimeth-
ylformamide (3.7 mL) were added, under ice-cooling, N,N-
diisopropylethylamine (0.647 mL) and HATU (398 mg) and
the mixture was stirred at room temperature for 14 hr. The
reaction mixture was diluted with ethyl acetate, washed
successively with saturated aqueous sodium hydrogen car-
bonate, water and saturated brine, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The obtained residue was purified
by silica gel chromatography (chloroform:methanol=100:0-
90:10) to give the title compound (458 mg) as a pale-yellow
solid. MS (ESI) ny/z: 709.5 [M+H]*
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(6-5) 3-(4-{2-[2-({(28)-1-[(2S,4R)-4-hydroxy-2- (6-6) methyl [(6S)-4-{4-[3-(4-{2-[2-({(28)-1-[(2S,
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl] 4R)-4-hydroxy-2-({(1S)-1 -[4-(4-metl.1y.1-l ,3-thiazol-
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1- 5-ylphenyl]ethyl}carbamoyl)pyrrolidin-1-y]-3,3-

dimethyl-1-oxobutan-2-y1}amino)-2-oxoethoxy]
ethoxy }phenyl)propanamidophenyl}-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 6)

oxobutan-2-yl}amino)-2-oxoethoxy]ethoxy } phenyl)
propanoic acid (Example Compound 6-5)

w

O, O
O N wOH
HN —S O
H N/
0 N 15 Va NH
\/\O/\"/
HO O
0" °N OH ==N
O O
S 0 % / \ D/ N
N (@]
N A NH S )\ N
=N

To a solution of Example compound 6-5 (211 mg) and
25 Reference Example compound 11 (100 mg) in N,N-dimeth-
ylformamide (2.5 mL) were added N,N-diisopropylethylam-
ine (0.131 mL) and HATU (144 mg), and the mixture was
stirred at room temperature for 16 hr. The reaction mixture
was diluted with ethyl acetate, washed successively with
saturated aqueous sodium hydrogen carbonate, 5% aqueous
30 potassium bisulfite solution, saturated aqueous sodium
hydrogen carbonate and saturated brine, dried over anhy-
tetrahydrofuran (9.0 mL), water (2.2 mL) and methanol (2.2 drous sodium sulfate and filtered. The solvent was evapo-
rated under reduced pressure. The obtained residue was
purified by silica gel chromatography (chloroform:metha-
nol=100:0-95:5) to give the title compound (97 mg) as a
colorless solid. MS (ESI) m/z: 1072.8 [M+H]*

Example 7

To a solution of Example compound 6-4 (450 mg) in

ml.) was added, under ice-cooling, lithium hydroxide mono-

hydrate (80 mg) and the mixture was stirred at room ;

o

temperature for 2 hr. The reaction mixture was diluted with

ethyl acetate, washed successively with 5% aqueous potas-

: : . . . ) (7-1) methyl [(6S)-4-(4-{3-[4-({(165)-16-[(2S,4R)-
sium bisulfite solution and saturated brine, dried over anhy “ 4-hydroxy-2-({(1S)-1-[4-(4-methyl-1 3-thiazol-5-y1)
drous sodium sulfate, filtered and the solvent was evapo- phenyl]ethyl}carbamoyl)pyrrolidine-1-carbonyl]-17,
17-dimethyl-14-0x0-3,6,9,12-tetraoxa-15-

rated under reduced pressure to give the title compound (394 azaoctadecan-1-yl joxy)phenyl]

mg) as a colorless solid. propanamidolphenyl)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-a][ 1,4]diazepin-6-yl]acetate
MS (ESI) m/z: 695.6 [M+H]* (Example Compound 7)

OH
I / N
YA
NH
N
H 0] O

O
s~ O\)\
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By reaction and treatment in the same manner as in
Example 6 (6-1)-(6-6) and using t-butyl 2-[2-[2-[2-(2-hy-
droxyethoxy)ethoxy|ethoxy|ethoxylacetate  instead  of
t-butyl 2-2-hydroxyethoxy)acetate, the title compound was
obtained.
MS (ESI) m/z: 1204.9 [M+H]*

Example 8

(8-1) methyl [(6S)-4-{4'-[2-(2-t-butoxy-2-ox0eth-
oxy)ethoxy]-3'-cyano[ 1,1-biphenyl]-4-y1}-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 8-1)

To a mixture of Example compound 2-1 (400 mg),
potassium carbonate (222 mg) N,N-dimethylformamide (8.0
ml) was added Example compound 6-1 (292 mg) and the
mixture was stirred at 60° C. for 7.5 hr. Water was added to
the reaction mixture and the precipitated solid was collected
by filtration to give the title compound (495 mg) as a
pale-yellow solid.

MS (ESI) m/z: 656.6 [M+H]*
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(8-2) [2-({3-cyano-4'-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-][1,2,4 ]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-
yl}oxy)ethoxy]acetic acid (Example Compound
8-2

To a solution of Example compound 8-1 (490 mg) in
dichloromethane (5.0 mL) was added, under ice-cooling,
trifluoroacetic acid (2.5 mL) and the mixture was stirred at
room temperature for 2 hr. The reaction mixture was con-
centrated, the residue was extracted with water, chloroform
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The obtained residue
was purified by silica gel column chromatography (chloro-
form:methanol=98:2-90:10) to give the title compound (390
mg) as a pale-yellow solid. MS (ESI) m/z: 600.5 [M+H]*

(8-3) methyl [(6S)-4-(3'-cyano-4'-{2-[2-({(2S)-1-
[(2S,4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl}carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}amino)-2-
oxoethoxy]ethoxy}[1,1'-biphenyl]-4-y1)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 8)

Tz



US 11,542,273 B2

125

To a solution of Example compound 8-2 (200 mg) and
Reference Example compound 5 (160 mg) in N,N-dimeth-
ylformamide (2.2 ml) and N,N-diisopropylethylamine
(0.173 mL) was added, under ice-cooling, HATU (190 mg),
and the mixture was stirred at room temperature for 2 hr.
Water was added to the reaction mixture, and the mixture
was extracted with ethyl acetate, extracted with chloroform,
and the extract was washed with water and saturated brine,
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The obtained
residue was purified by preparative HPL.C (10 mM aqueous
ammonium carbonate solution-acetonitrile) to give the title
compound (208 mg) as a white solid.

MS (ESI) m/z: 1026.8 [M+H]*

Example 9

(9-1) t-butyl (4-bromo-2-cyanophenoxy)acetate (Ex-
ample Compound 9-1)

AT d

To a suspension of 5-bromo-2-hydroxy-benzonitrile (10.0
g) and potassium carbonate (14.0 g) in acetone (168 ml.)
was added at room temperature t-butyl bromoacetate (8.15
ml) and the mixture was stirred at 60° C. for 3.5 hr. t-Butyl
bromoacetate (1.48 ml.) was added and the mixture was
stirred for 2 hr. The insoluble material in the reaction
mixture was filtered off, washed with acetone and the filtrate
was concentrated under reduced pressure. To the residue
were added water and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous magnesium sulfate, filtered and the
filtrate was concentrated under reduced pressure. Hexane
was added to the obtained solid, ultrasonicated, suspension
washed and the solid was collected by filtration. The solid
precipitated in the filtrate was also collected by filtration to
give the title compound (14.8 g) as a white solid. MS (ESI)
m/z: 312.2 [M+H]*

(9-2) t-butyl [2-cyano-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaboronan-2-yl)phenoxy|acetate (Example Com-
pound 9-2)
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A mixture of Example compound 9-1 (3.00 g), bis(pina-
colato)diboron (2.68 g), 1,1'-bis(diphenylphosphino)ferro-
cene-palladium(Il) dichloride dichloromethane complex
(392 mg), potassium acetate (1.89 g) and 1,4-dioxane (32
ml) was stirred at 130° C. for 4 hr. The insoluble material
in the reaction mixture was filtered off through diatoma-
ceous earth, washed with ethyl acetate, and the filtrate was
concentrated under reduced pressure. To the obtained resi-
due was added water, and the mixture was extracted with
ethyl acetate, and the extract was washed with saturated
brine, dried over anhydrous sodium sulfate and filtered. The
solvent was evaporated under reduced pressure. The
obtained residue was purified by silica gel column chroma-
tography (hexane:ethyl acetate=90:10-70:30), hexane was
added to the obtained solid. The solid was ultrasonicated,
suspension washed, collected by filtration, and washed with
hexane to give the title compound (2.63 g) as a white solid.

MS (ESI) m/z: 360.4 [M+H]*

(9-3) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-
3'-cyano[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4|diazepin-6-

yl}lacetate (Example Compound 9-3)

O\

A mixture of Example compound 9-2 (2.60 g), Reference
Example compound 1 (3.00 g), potassium fluoride (1.26 g),
tetrahydrofuran (14.5 mL), palladium acetate (162 mg),
S-phos (594 mg) and water (0.47 mL) was stirred with
heating under reflux for 6 hr. Palladium acetate (32 mg) and
S-phos (119 mg) were added, and the mixture was further
stirred for 8 hr. Potassium fluoride (420 mg), palladium
acetate (32 mg), S-phos (119 mg), water (0.16 mL) were
added, and the mixture was stirred for 6 hr. The insoluble
material in the reaction mixture was filtered off through
diatomaceous earth, washed with ethyl acetate, and the
filtrate was concentrated under reduced pressure. To the
reaction mixture were added water and saturated brine, and
the mixture was extracted with ethyl acetate, and the extract
was dried over anhydrous sodium sulfate and filtered. The
filtrate was passed through NH silica gel, washed with ethyl
acetate, and the filtrate was concentrated under reduced
pressure to give the title compound (4.92 g) as a crudely
purified pale-yellow solid.

MS (ESI) m/z: 612.4 [M+H]"
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(9-4) ({3-cyano-4'-[(6S)-6-(2-methoxy-2-oxoethyl)-
2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a][1,4]diazepin-4-yl][1,1'-biphenyl]-4-y1}oxy)acetic

acid (Example Compound 9-4)

O
N
/I
T
s
=
H/N |
|
N\N/ o
00—

To a solution of Example compound 9-3 (4.92 g) in
dichloromethane (25 ml) was added, under ice-cooling,
trifluoroacetic acid (25 mL) and the mixture was stirred at
room temperature for 4 hr. To the reaction mixture was

added dichloromethane and the solvent was evaporated

—_
<

15

20
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acid was slowly added with stirring until foaming ceased.
After partitioning, the aqueous layer was extracted again
with chloroform, and the extract was washed with saturated
brine, dried over anhydrous sodium sulfate, filtered and the
solvent was evaporated under reduced pressure to give the

title compound (4.90 g) as a yellow solid.
MS (ESI) m/z: 556.3 [M+H]"

(9-5) methyl [(6S)-4-{3'-cyano-4'-[2-({(2S9)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy][ 1,
1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[ 3,2-f]
[1,2,4]triazolo[4,3-a][1,4]|diazepin-6-yl]acetate
(Example Compound 9)

To a solution of Example compound 9-4 (4.02 g), N,N-
dimethylformamide (24 mL) and N,N-diisopropylethylam-

55 ine (6.25 mL) were added, under ice-cooling, HATU (4.12

g) and Reference Example compound 5 (3.48 g), and the
mixture was stirred at room temperature for 4 hr. Water was
added to the reaction mixture, and the mixture was extracted
with ethyl acetate, and the extract was washed with water

under reduced pressure. To the obtained residue was added 60 and saturated brine, dried over anhydrous sodium sulfate

ethyl acetate and, under ice-cooling, saturated aqueous
sodium hydrogen carbonate was added with stirring until
foaming ceased. After partitioning, the aqueous layer was
washed again with ethyl acetate. Chloroform was added to

the aqueous layer and, under ice-cooling, 1N hydrochloric

and filtered. The solvent was evaporated under reduced
pressure. The obtained residue was purified by NH silica gel
column chromatography (ethyl acetate:methanol=98:2-85:
15) and silica gel column chromatography (chloroform:

65 methanol=98:2-93:7) to give the title compound (3.85 g) as

a pale-yellow solid.
MS (ESI) m/z: 982.4 [M+H]"
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Example 10

(10-1) t-butyl 14-[(4-methylbenzene-1-sulfonyl)
oxy|-3,6,9,12-tetraoxatetradecanoate (Example
Compound 10-1) 5

10

o
) S/O\/\O/\/O\/\O/\/O\)J\Ok

7
"%
15

By reaction and treatment in the same manner as in
Example 6 (6-1) and using t-butyl 2-[2-[2-[2-(2-hydroxy-
ethoxy)ethoxy]ethoxy]ethoxylacetate instead of t-butyl
2-(2-hydroxyethoxy)acetate, the title compound was
obtained.

MS (ESI) m/z: 463.3 [M+H]*

20

(10-2) methyl {(6S)-4-[3'-cyano-4'-({(16S)-16-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yl)phenyl]ethyl}carbamoyl)pyrrolidine-1-carbo- 25
nyl]-17,17-dimethyl-14-0%0-3,6,9,12-tetraoxa-15-
azaoctadecan-1-yl}oxy)[1,1'-biphenyl]-4-y1]-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl}acetate (Example Compound 10)

7"\

N, 2 O
SOPS

N—N (0]

By reaction and treatment in the same manner as in
Example 2 (2-2)-(2-4) and using Example compound 10-1
instead of Example compound 1-3, the title compound was 65

obtained.
MS (ESI) m/z: 1158.8 [M+H]*

130

NH
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Example 12

(11-1) methyl {[(68)-4-{3'-cyano-4'-[2-({(25S)-25-
[(2S,4R)-4-hydroxy-2-({[(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
carbonyl]-26,26-dimethyl-23-0x0-3.6.9.12.15.18.21-
heptaoxa-24-azaheptacosan-1-yl}oxy)][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 11)

OH

o ;

O/\/O\/\O/\/O\/\O/\/O\/\O/\/O\)‘\I\I‘/g

N\ H
1

By reaction and treatment in the same manner as in
Example 5 (5-4) and using Example compound 2-1 instead
of Example compound 5-1, the title compound was 35
obtained.

MS (ESI) m/z: 646.3[(M+2H)/2]*

Example 12

(12-1) methyl [(6S)-4-{3'-cyano-4'-[2-({(2S)-1-[(2S, 40
4R)-4-hydroxy-2-({[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]methyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate 45
(Example Compound 12)

N
I
\\OH

o YIRS
) %
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To a solution of Example compound 9-4 (73 mg), N,N-
dimethylformamide (0.90 mL), N,N-diisopropylethylamine
(0.070 mL) and Reference Example compound 6 (63 mg)
was added HATU (77 mg), and the mixture was stirred at
room temperature for 18 hr. Under ice-cooling, water was
added to the reaction mixture, and the mixture was extracted
with chloroform. The solvent was evaporated under reduced
pressure. The obtained residue was diluted with ethyl
acetate, washed with water, dried over anhydrous sodium
sulfate and filtered. The solvent was evaporated under
reduced pressure. The obtained residue was purified by
preparative HPLC (10 mM aqueous ammonium carbonate
solution-acetonitrile) to give the title compound (81 mg) as
a white solid. MS (ESI) m/z: 968.7 [M+H]*

Example 13

(13-1) [(6S)-4-{3"-cyano-4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-y1}amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetic acid
(Example Compound 13-1)

A solution of Example compound 9 (700 mg), tetrahy-
drofuran (7.13 mL), water (2 mL), methanol (2 mL) and
lithium hydroxide monohydrate (90 mg) was stirred at room
temperature for 5 hr. To the reaction mixture were added ice
water and chloroform, adjusted to pH3-4 with 1N hydro-
chloric acid and stirred. The aqueous layer was extracted
with chloroform, and the organic layers were combined,
dried over anhydrous sodium sulfate, filtered and the solvent
was evaporated under reduced pressure to give the title
compound (700 mg) as a yellow solid. MS (ESI) m/z: 966.5
[M-H]~
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(13-2) (28,4R)-1-{(2S)-2-[2-({3-cyano-4'-[(6S)-6-
{2-[(2-hydroxyethyl)amino]-2-oxoethyl)-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]diaz-
epin-4-yl][1,1'-biphenyl]-4-yl}oxy)acetamido]-3,3-

dimethylbutanoyl}-4-hydroxy-N-1(1S)-1-[4-(4- 5
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 13)

N
I
OH
o B
(J L 2
Ty 7o
S H
/\ © N s
YN N SJ/
N\N/ o

To a solution of Example compound 13-1 (55 mg), 3 ate solution-acetonitrile) to give the title compound (37 mg)
N,N-dimethylformamide (1.1 mL), N,N-diisopropylethyl- as a pale-yellow solid. MS (ESI) m/z: 1011.8 [M+H]*
amine (0.030 mL.) and 2-aminoethanol (5.2 mg) was added,
under ice-cooling, HATU (32 mg), and the mixture was
stirred at room temperature for 15 hr. Under ice-cooling,
water was added to the reaction mixture, and the mixture

Example 14

(14-1) (28,4R)-1-{(2S)-2-[2-({3-cyano-4'-[(6S)-6-
(2-{[2-(3-hydroxypropoxy)ethyl]amino }-2-oxo-

was extracted with chloroform. The solvent was evaporated ethyl)-2,3,9-trimethyl-6H-thieno[3,2-][1,2.4]tri-
under reduced pressure. The obtained residue was diluted azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-
with ethyl acetate, washed with water, dried over anhydrous yl}oxy)acetamido]-3,3-dimethylbutanoyl}-4-
sodium sulfate and filtered. The solvent was evaporated 4 hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
under reduced pressure. The obtained residue was purified phenyl]ethyl}pyrrolidine-2-carboxamide (Example
by preparative HPLC (10 mM aqueous ammonium carbon- Compound 14)
I
OH
o
= O 9 N
S H
(6]
N
= | ) H aN
TS 1
N N/ o

OH
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By reaction and treatment in the same manner as in
Example 13 (13-2) and using 3-(2-aminoethoxy)propan-1-ol
instead of 2-aminoethanol, the title compound was obtained
as a pale-orange solid. MS (ESI) m/z: 1069.9 [M+H]*

Example 15

(15-1) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)
[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-
f] [1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate
(Example Compound 15-1)

A mixture of Reference Example compound 8 (2.66 g),
Reference Example compound 1 (3.00 g), potassium fluo-
ride (1.26 g), tetrahydrofuran (24.1 mL), S-phos (594 mg),
palladium acetate (162 mg) and water (0.47 mL) was stirred
with heating under reflux for 6 hr. The insoluble material in
the reaction mixture was filtered off through diatomaceous
earth, washed with ethyl acetate, and the filtrate was con-
centrated under reduced pressure. To the obtained residue
was added water, and the mixture was extracted with ethyl
acetate, and the extract was washed with saturated brine,
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The reaction
mixture was concentrated, water was added, and the mixture
was extracted 3 times with ethyl acetate, and the extract was
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The obtained
residue was diluted with ethyl acetate, passed through NH
silica gel and washed with ethyl acetate. The solvent was

N
~N O
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evaporated under reduced pressure to give the title com-
pound (4.59 g) as an unpurified white solid.
MS (ESI) m/z: 587.5 [M+H]"

(15-2) ({4'-[(68)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl][1,1-biphenyl]-4-yl}oxy)acetic acid
(Example Compound 15-2)

OH

S\ OO

To a solution of Example compound 15-1 (4.59 g) in
dichloromethane (21 ml) was added, under ice-cooling,
trifluoroacetic acid (21 mL) and the mixture was stirred at
room temperature for 3 hr. The reaction mixture was diluted
with dichloromethane and the solvent was evaporated under
reduced pressure. To the obtained residue were added ethyl
acetate and saturated aqueous sodium hydrogen carbonate
for partitioning. The aqueous layer was washed again with
ethyl acetate and, after partitioning, the obtained aqueous
layer was adjusted to less than pH3 by adding 1N hydro-
chloric acid. The mixture was extracted with ethyl acetate,
and the extract was washed with saturated brine, dried over
anhydrous sodium sulfate, filtered and the solvent was
evaporated under reduced pressure to give the title com-
pound (4.20 g) as an unpurified yellow solid. MS (ESI) nv/z:
531.4 [M+H]"

(15-3) methyl [(6S)-4-{4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 15)

OH

SPREs
coadansevgl
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To a solution of Example compound 15-2 (4.20 g),

N,N-dimethylformamide (24.1 mL) and N,N-diisopropyl-
ethylamine (6.25 ml.) was added, under ice-cooling, HATU

(4.12 g) and the mixture was stirred for 10 min, Reference °

Example compound 5 (3.48 g) was added, and the mixture
was stirred at room temperature for 14 hr. Water was added
to the reaction mixture, and the mixture was extracted with
ethyl acetate, and the extract was washed with water and
saturated brine, dried over anhydrous sodium sulfate and
filtered. The solvent was evaporated under reduced pressure.
The obtained residue was purified by silica gel column
chromatography twice (ethyl acetate:methanol=98:2-92:8,
chloroform:methanol=98:2-95:5)
nol=98:2-95:5), concentrated, and diethyl ether was added

(chloroform:metha-

to the obtained residue and the precipitated solid was
collected by filtration to give the title compound (2.45 g) as
a pale-yellow solid. MS (ESI) m/z: 957.4 [M+H]*

Example 16

(16-1) (2S,4R)-1-[(2S)-2-(2-bromoacetamido)-3,3-
dimethylbutanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 16-1)

H

9o
o E
Br\)l\ N
N
H
[0}
o]

N
H

L

To a solution of Reference Example compound 5 (1.0 g),
acetonitrile (20.8 mL) and triethylamine (0.867 mL) were
added, under ice-cooling, bromoacetic acid (0.15 mL) and
then HATU (1.19 g), and the mixture was stirred at room
temperature for 16 hr. Triethylamine (0.289 ml.), bromo-
acetic acid (0.045 mL), HATU (237 mg) were added, and the
mixture was further stirred for 4 hr. To the reaction mixture
were added, under ice-cooling chloroform, saturated aque-
ous ammonium chloride solution, water. After partitioning,
the aqueous layer was extracted twice with chloroform. The
organic layers were combined, dried over anhydrous sodium
sulfate and filtered. The solvent was evaporated under

reduced pressure. The obtained residue was purified by silica
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gel column chromatography (ethyl acetate:methanol=100:0-
90:10) to give the title compound (930 mg) as a crudely
purified white solid.

MS (ESI) m/z: 565.5 [M+H]*

(16-2) 4-hydroxy-4'-[(6S)-2,3,6,9-tetramethyl-6H-

thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-4-

y1][1,1'-biphenyl]-3-carbonitrile (Example Com-
pound 16-2)

OH

V4

NS
S
/

A mixture of Reference Example compound 4 (300 mg),
Reference Example compound 7 (220 mg), sodium carbon-
ate (238 mg), 1,4-dioxane (3.0 mL), water (1.0 mL) and
2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl ami-
nobiphenyl palladium chloride precatalyst (59 mg) was
stirred in a microwave reaction apparatus (Initiator, manu-
factured by Biotage) at 100° C. for 1 hr. 2-Dicyclohex-
ylphosphino-2'4',6'"-triisopropylbiphenyl ~ aminobiphenyl
palladium chloride precatalyst (29 mg) was added, and the
mixture was stirred again in a microwave reaction apparatus
at 100° C. for 1.5 hr, 2-dicyclohexylphosphino-2',4',6'-tri-
isopropylbiphenyl aminobiphenyl palladium chloride pre-
catalyst (29 mg), Reference Example compound 7 (55 mg),
sodium carbonate (79 mg) were added, and the mixture was
stirred again in a microwave reaction apparatus at 100° C.
for 1.5 hr. The insoluble material in the reaction mixture was
filtered off through diatomaceous earth, water was added to
the filtrate and the mixture was extracted with chloroform,
and the extract was dried over anhydrous sodium sulfate and
filtered. The solvent was evaporated under reduced pressure.
The obtained residue was purified by silica gel column
chromatography (chloroform:methanol=98:2-93:7) to give

the title compound (359 mg) as an orange solid.

MS (ESI) m/z: 440.4 [M+H]"
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(16-3) (2S,4R)-1-{(2S)-2-[2-({3-cyano-4'-[(6S)-2,3,
6,9-tetramethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a] [1,4]diazepin-4-y1][1,1'-biphenyl]-4-yl}oxy)acet-
amido]-3,3-dimethylbutanoyl }-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 16)

N
I

A mixture of Example compound 16-2 (100 mg), potas-
sium carbonate (63 mg), N,N-dimethylformamide (2.3 mL)
and Example compound 16-1 (154 mg) was stirred at 60° C.
for 2 hr and at 80° C. for 4 hr. Example compound 16-1 (64
mg), potassium carbonate (31 mg) were added and the
mixture was stirred for 3.5 hr. Example compound 16-1 (64
mg), potassium carbonate (31 mg) were added again and the
mixture was stirred for 2 hr. To the reaction mixture was
added ice water, and the mixture was extracted with chlo-
roform, and the extract was dried over anhydrous sodium
sulfate and filtered. The solvent was evaporated under
reduced pressure. The residue was diluted with ethyl acetate,
washed with water, dried again over anhydrous sodium
sulfate and filtered. The solvent was evaporated under
reduced pressure. The obtained residue was purified by
preparative HPLC (10 mM aqueous ammonium carbonate
solution-acetonitrile) to give the title compound (120 mg) as
a yellow solid. MS (ESI) m/z: 924.4 [M+H]*

Example 17

(17-1) methyl [(6S)-4-(4'-hydroxy-3'-methoxy[1,1'-
biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate (Ex-
ample Compound 17-1)

OH
S\ O O/
—
N |
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A mixture of 2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-di-
oxaboran-2-yl)phenol (271 mg), Reference Example com-
pound 1 (300 mg), potassium fluoride (126 mg), tetrahy-
drofuran (2.4 mL), palladium acetate (16 mg), S-phos (59
mg) and water (0.47 mlL) was stirred with heating under
reflux for 6 hr. The insoluble material in the reaction mixture
was filtered off through diatomaceous earth, water was

added to the filtrate and the mixture was extracted with
chloroform, and the extract was dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The obtained residue was purified
by silica gel column chromatography (chloroform:metha-
nol=98:2-93:7) and NH silica gel column chromatography
(chloroform:methanol=98:2-95:5) to give the title com-
pound (350 mg) as a pale-yellow solid.

MS (ESI) m/z: 503.4 [M+H]"

(17-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-

3'-methoxy[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-

thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-
yl}acetate (Example 15 compound 17-2)

1
; |
—
YN IN
|
N\N/ o
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A mixture of Example compound 17-1 (150 mg), potas-
sium carbonate (82 mg), N,N-dimethylformamide (3.0 mL)
and t-butyl bromoacetate (0.049 mL.) was stirred at 60° C.
for 2 hr. Water was added to the reaction mixture, and the
mixture was extracted with chloroform. The solvent was
evaporated under reduced pressure. To the residue was
added ethyl acetate, and the mixture was washed with water,
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The obtained
residue was purified by silica gel column chromatography
(chloroform:methanol=98:2-93:7) to give the title com-
pound (154 mg) as a pale-red solid.

MS (ESI) m/z: 617.7 [M+H]*

(17-3) methyl [(6S)-4-{4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]-3'-
methoxy[1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 17)

o

To a solution of Example compound 17-2 (154 mg) in
dichloromethane (1.5 mL) was added, under ice-cooling,
trifluoroacetic acid (0.77 mL) and the mixture was stirred at
room temperature for 2 hr. The reaction mixture was diluted
with dichloromethane and the solvent was evaporated under
reduced pressure. To the obtained residue was added toluene
and the solvent was evaporated under reduced pressure. This
operation was performed twice. To a solution of the obtained
residue, N,N-dimethylformamide (2.5 mL), N,N-diisopro-
pylethylamine (0.216 mL), Reference Example compound 5
(120 mg) was added, under ice-cooling, HATU (142 mg),
and the mixture was stirred at room temperature for 15 hr.
Furthermore, N,N-diisopropylethylamine (0.022 mL), Ref-
erence Example compound 5 (36 mg), HATU (47 mg) were
added, and the mixture was stirred at room temperature for
2 hr. To the reaction mixture was added ice water, and the
mixture was extracted with chloroform, and the extract was
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The residue

10

25

50

55

60

65

144

was diluted with ethyl acetate, washed with water, and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The obtained residue was purified
by preparative HPLC (10 mM aqueous ammonium carbon-
ate solution-acetonitrile) to give the title compound (149
mg) as a white solid. MS (ESI) m/z: 987.8 [M+H]*

Example 18

(18-1) t-butyl [4-(4-chlorophenyl)-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl]carbamate (Example Compound 18-1)

Cl

To a suspension of 6-amino-4-(4-chlorophenyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4 ]diaz-
epine described in JP-A-7-17941, Starting Material Prepa-
ration Example 1 (670 mg) in dichloromethane (9.4 mL)
were added di-t-butyl dicarbonate (490 mg) and triethylam-
ine (0.39 mi) at room temperature, and the mixture was
stirred at the same temperature for 15 hr. Water was added
to the reaction mixture, and the mixture was extracted twice
with chloroform, and the extract was dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=100:0-
97:3) and silica gel column chromatography (hexane:ethyl
acetate=50:50-33:67) to give the title compound (648 mg) as
a white solid. MS (ESI) m/z: 458.3 [M+H]"
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(18-2) t-butyl [4-(3'-cyano-4'-hydroxy[1,1'-biphe-
nyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a] [1,4]diazepin-6-yl|carbamate (Ex-
ample Compound 18-2)

N N/ o
HN\(
o\é

To a mixture of Example compound 18-1 (630 mg),
Reference Example compound 7 (506 mg) and 2-dicyclo-
hexylphosphino-2',4',6'-triisopropylbiphenyl aminobiphenyl
palladium chloride precatalyst (55 mg) were added 1,4-
dioxane (8 mL) and 2 M aqueous cesium carbonate solution
(2.1 mL). After nitrogen substitution, the mixture was stirred
under microwave irradiation with heating at 150° C. for 15
min. Water was added to the reaction mixture, and the
mixture was extracted twice with chloroform, and the extract
was dried over anhydrous sodium sulfate and filtered. The
solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-
form:ethyl acetate=50:50-0:100) to give the title compound
(561 mg) as a white solid.

MS (ESI) m/z: 541.4 [M+H]*

(18-3) methyl [(4'-{6-[(t-butoxycarbonyl)amino]-2,
3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a]
[1,4]diazepin-4-y1}-3-cyano[1,1'-biphenyl]-4-yl)oxy]
acetate (Example Compound 18-3)
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To a solution of Example compound 18-2 (555 mg) and
methyl bromoacetate (0.12 mL) in N,N-dimethylformamide
(5 mL) was added at room temperature cesium carbonate
(670 mg), and the mixture was stirred at the same tempera-
ture for 15 hr. Water was added to the reaction mixture, and
the mixture was extracted twice with ethyl acetate, and the
extract was washed with water and saturated brine, dried
over anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (chloroform:ethyl
acetate=50:50-0:100) to give a crudely purified title com-
pound (474 mg) as a pale-yellow powder. MS (ESI) nmv/z:
613.5 [M+H]*

(18-4) [(4'-{6-[(t-butoxycarbonyl)amino]-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]diaz-
epin-4-yl}-3-cyano[1,1'-biphenyl]-4-yl)oxy]acetic
acid (Example Compound 18-4)

e
S
==
TN
N\N/H}m%o
To a solution of Example compound 18-3 (470 mg) in
tetrahydrofuran (4 mL), methanol (2 ml.) and water (2 mL)
was added lithium hydroxide monohydrate (130 mg) at
room temperature, and the mixture was stirred at the same
temperature for 30 min. To the reaction mixture was added
5% aqueous potassium hydrogensulfate solution, and the
mixture was extracted twice with chloroform, and the extract
was dried over anhydrous sodium sulfate and filtered. The
solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-80:20) and carboxylic acid-supported
silica gel column chromatography (chloroform:methanol-

100:0-50:50) to give the title compound (261 mg) as a white
solid.

MS (ESI) m/z: 599.5 [M+H]"
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(18-5) t-butyl (4-{3'-cyano-4'-[2-({(2S)-1-[(2S,4R)-
4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl)carbamoyl}pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1, 5

2.4]triazolo[4,3-a][1,4]diazepin-6-yl)carbamate
(Example Compound 18)

()
()
()
>
AN

To a solution of Example compound 18-4 (255 mg) and 3) to give the title compound (337 mg) as a white powder.
Reference Example compound 5 (246 mg) in N,N-dimeth- 40 MS (BSD m/z: 1025.9 [M+H]*
ylformamide (4.3 ml) were added at room temperature

N,N-diisopropylethylamine (0.22 mL.) and HATU (227 mg), Example 19

and the mixture was stirred at the same temperature for 15

hr. To the reaction mixture was added saturated aqueous (19-1) (2S,4R)-1-[(25)-2-(2-{[4'-(6-amino-2,3,9-
sodium hydrogen carbonate, and the mixture was extracted 5 trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
once with ethyl acetate, and the extract was washed with diazepin-4-yl)-3-cyano[1,1'-biphenyl]-4-yl1]
water and saturated brine, dried over anhydrous sodium oxy }acetamido)-3,3-dimethylbutanoyl]-4-hydroxy-
sulfate and filtered. The solvent was evaporated under N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
reduced pressure. The residue was purified by silica gel ethyl}pyrrolidine-2-carboxamide (Example
column chromatography (chloroform:methanol=100:0-97: Compound 19)
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To a solution of Example compound 18 (270 mg) in
dichloromethane (1.5 mL) was added trifluoroacetic acid
(1.5 mL) at room temperature, and the mixture was stirred
at the same temperature for 2 hr. The reaction mixture was
concentrated under reduced pressure, and saturated aqueous
sodium hydrogen carbonate (30 mL.), chloroform (30 mL),
methanol (5 mL) were added to the residue for partitioning.
The aqueous layer was extracted once with chloroform (30
mL), and the organic layer was mixed, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The residue was purified by NH
silica gel column chromatography (chloroform:metha-
nol=100:0-97:3) and silica gel column chromatography
(chloroform:methanol=100:0-95:5) to give the title com-
pound (196 mg) as a white powder.

MS (ESI) m/z: 925.7 [M+1-1]"

Example 20

(20-1) methyl (4-{3'-cyano-4'-[2-({(2S)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-y1}amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4]diazepin-6-yl)carbamate
(Example Compound 20)

s
"~

O

To a solution of Example compound 19 (47 mg) in
dichloromethane (0.5 mL) were added N,N-diisopropyleth-
ylamine (0.013 mL) and methyl chloroformate (5.3 mg) at
room temperature, and the mixture was stirred at the same
temperature for 1 hr. Water was added to the reaction
mixture, and the mixture was extracted twice with chloro-
form, and the extract was dried over anhydrous sodium
sulfate and filtered. The solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-95:
5) to give the title compound (38 mg) as a white powder. MS
(ESD) nv/z: 983.6 [M+H]*
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Example 21

(21-1) t-butyl 5-bromo-1-benzofuran-2-carboxylate
(Example Compound 21-1)

B \ /

To a solution of 5-bromosalicylaldehyde (5.0 g) in N,N-
dimethylformamide (50 mL) were added t-butyl bromoac-
etate (5.34 g) and potassium carbonate (6.90 g) at room
temperature, and the mixture was stirred at 80° C. for 24 hr.
The insoluble material in the reaction mixture was filtered
off through diatomaceous earth, and the filtration residue
was washed with ethyl acetate. The filtrate was concentrated
under reduced pressure, water was added to the residue and
the mixture was extracted twice with hexane. The organic
layers were mixed, washed with saturated brine, dried over
anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane:ethyl
acetate=100:0-90:10) to give the title compound (6.37 g) as
a pale-yellow oil. 'H NMR (400 MHz, CDCl,) dppm 1.62
(94, s), 7.35 (1H, s), 7.46 (1H, d, J=9.2 Hz), 7.51 (1H, dd,
J=8.7, 2.1 Hz), 7.79 (1H, d, J=2.1 Hz)

OH

(21-2) t-butyl 5-(4,4,5,5-tetramethyl-1,3,2-dioxabo-
ronan-2-yl)-1-benzofuran-2-carboxylate (Example
Compound 21-2)

e}

0B i : j\\ f,o
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To a mixture of Example compound 21-1 (1.50 g), bis
(pinacolato)diboron (1.41 g), 1,1'-bis(diphenylphosphino)
ferrocene-palladium(II) dichloride dichloromethane com-
plex (206 mg) and potassium acetate (991 mg) was added
1,4-dioxane (17 mL). After nitrogen substitution, the mix-
ture was stirred with heating under microwave irradiation at
130° C. for 30 min. To the reaction mixture were added
water, ethyl acetate and activated carbon, the insoluble
material was filtered off through diatomaceous earth, and the
filtration residue was washed with ethyl acetate. The filtrate
was partitioned, and the organic layer was washed with
saturated brine, dried over anhydrous sodium sulfate and
filtered. The solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (hexane:ethyl acetate=100:0-90:10) to give the title
compound (1.38 g) as a pale-yellow solid. 'H NMR (400
MHz, CDCl,) éppm 1.37 (12H, s), 1.63 (9H, s), 7.40 (1H,
d, J=1.0Hz), 7.56 (1H, d, J=8.7 Hz), 7.87 (1H, dd, J=1.3, 8.5
Hz), 8.15 (1H, s)

O\

(21-3) t-butyl 5-{4-[(6S)-6-(2-methoxy-2-ox0ethyl)-
2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a|[1,4]diazepin-4-yl|phenyl}-1-benzofuran-2-car-
boxylate (Example Compound 21-3)

O

To a mixture of Reference Example compound 1 (200
mg), Example compound 21-2 (249 mg), palladium acetate
(22 mg), S-phos (40 mg) and potassium fluoride (84 mg)
were added tetrahydrofuran (2.4 mL) and water (0.031 mL).
After nitrogen substitution, the mixture was stirred with
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heating under microwave irradiation at 70° C. for 30 min.
After cooling to room temperature, Example compound
21-2 (249 mg), palladium acetate (22 mg), S-phos (40 mg),
potassium fluoride (84 mg) and water (0.031 ml.) were
added. After nitrogen substitution, the mixture was stirred
with heating under microwave irradiation at 70° C. for 30
min. The reaction mixture was diluted with ethyl acetate,
activated carbon was added, insoluble material was filtered
off through diatomaceous earth, and the filtration residue
was washed with ethyl acetate. The filtrate was concentrated
under reduced pressure, and the residue was purified by
silica gel column chromatography (chloroform:metha-
nol=100:0-97:3) to give a crudely purified title compound
(390 mg) as a brown powder.
MS (ESI) m/z: 597.5 [M+H]"

(21-4) methyl [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-

hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)

phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}carbamoyl)-1-benzofuran-5-

yl]phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]

triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example

Compound 21)

OH

N

7

To a solution of Example compound 21-3 (385 mg) in
dichloromethane (3 mL) was added trifluoroacetic acid (3
ml) at room temperature, and the mixture was stirred at the
same temperature for 30 min. The reaction mixture was
concentrated under reduced pressure, and toluene was added
to the residue.

The solvent was evaporated under reduced pressure and
the obtained residue was dissolved in Reference Example
compound 5 (272 mg) and N,N-dimethylformamide (4.7
ml) at room temperature. N,N-diisopropylethylamine (0.82
ml) and HATU (250 mg) were added at the same tempera-
ture, and the mixture was stirred at the same temperature for
1 hr. To the reaction mixture was added saturated aqueous
sodium hydrogen carbonate, and the mixture was extracted
twice with ethyl acetate, and the extract was washed with
saturated aqueous sodium hydrogen carbonate and saturated
brine, dried over anhydrous sodium sulfate and filtered. The
solvent was evaporated under reduced pressure. The residue
was purified by NH silica gel column chromatography (ethyl
acetate:methanol=100:0-90:10) and silica gel column chro-
matography (chloroform:methanol=100:0-97:3), and the
obtained solid was suspension washed with diethyl ether and
collected by filtration to give the title compound (307 mg) as
a white powder. MS (ESI) m/z: 484.6[(M+2H)/2]*
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Example 22

(22-1) 2-[(6S)-4-(4-chlorophenyl)-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl]ethan-1-0l (Example Compound 22-1)

Cl

NS
s

HO

To a solution of lithium aluminum hydride (550 mg) in
tetrahydrofuran (40 mL) was slowly added dropwise under
ice-cooling a solution of Reference Example compound 1
(4.0 g) in tetrahydrofuran (60 mL). After completion of the
dropwise addition, ice water was added, 1N hydrochloric
acid was added, and the mixture was extracted with ethyl
acetate. The extract was washed with saturated aqueous
sodium hydrogen carbonate and saturated brine, dried over
anhydrous sodium sulfate and filtered. The solvent was

evaporated under reduced pressure.

The obtained residue was purified by NH silica gel
column chromatography (hexane:ethyl acetate=10:90-0:
100) to give the title compound (1.39 g) as a pale-orange
solid. The fractions that could not be purified were collected
and purified again by silica gel column chromatography
(chloroform:methanol=100:0-88:12) to give the title com-
pound (1.19 g) as a crudely purified pale-orange solid. MS
(ESD) nvz: 387.2 [M+H]*

10

15

25

30

45

154
(22-2) (6S)-4-(4-chlorophenyl)-6-(2-methoxyethyl)-
2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-
a][1,4]diazepine (Example Compound 22-2)

Cl

=
=

O\

A mixture of Example compound 22-1 (500 mg), dichlo-
romethane (4.3 mL), triethylamine (0.539 mL) and 4-meth-
ylbenzenesulfonyl chloride (370 mg) was stirred at room
temperature for 15 hr. Triethylamine (0.180 mL.), 4-meth-
ylbenzenesulfonyl chloride (123 mg) were added, and the
mixture was further stirred for 2 hr and at 40° C. for 1 hr. To
the reaction mixture were added ice water, saturated aqueous
sodium hydrogen carbonate, and the mixture was extracted
with chloroform, and the extract was dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. To the obtained residue were added
methanol (10 mL), sodium methoxide (10 mL), and the
mixture was stirred at room temperature for 15 hr. Water was
added to the reaction mixture, and the mixture was extracted
with chloroform and the extract was washed with water. The
solvent was evaporated under reduced pressure. The
obtained residue was purified by silica gel column chroma-
tography (chloroform:methanol=98:2-93:7) to give the title
compound (432 mg) as a yellow oil.

MS (ESI) m/z: 401.4 [M+H]*

(22-3) (28,4R)-1-{(28)-2-[2-({3-cyano-4'-[(6S)-6-

(2-methoxyethyl)-2,3,9-trimethyl-6H-thieno|3,2-1]

[1,2,4]triazolo[4,3-a][1,4]|diazepin-4-y1][1,1'-biphe-

nyl]-4-yl}oxy)acetamido]-3,3-dimethylbutanoyl}-4-

hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)

phenyl]ethyl}pyrrolidine-2-carboxamide (Example
Compound 22)



US 11,542,273 B2

155

By reaction and treatment in the same manner as in
Example 6 (16-2)-(16-3) and using Example compound 22-2
instead of Reference Example compound 4, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 968.8
[M+H]*

Example 23

(23-1) methyl [(6S)-4-{3'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-y1}amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 23)

OH

o)
O ;\ N
o) N
H
O N
O ’ )

By reaction and treatment in the same manner as in
Example 6 (16-2)-(16-3) and using Example compound 1-1
instead of Reference Example compound 4, 3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenol instead of Ref-
erence Example compound 7, the title compound was

obtained as a white solid.

MS (ESI) m/z: 957.7 [M+H]*

Example 24

(24-1) t-butyl [4-(4,4,5,5-tetramethyl-1,3,2-dioxabo-
ronan-2-yl)-1H-pyrazol-1-yl]acetate (Example Com-
pound 24-1)
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To a solution of 4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)pyrazole (2.0 g) in acetonitrile (50 mL.) were added
t-butyl bromoacetate (3.02 g) and potassium carbonate (6.72
g) at room temperature and the mixture was stirred at 60° C.
for 1 hr. Water was added to the reaction mixture and the
mixture was extracted twice with ethyl acetate, and the
extract was washed with water and saturated brine, dried
over anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The residue was purified
by column chromatography (hexane:ethyl
acetate=90:10-75:25) to give the title compound (2.09 g) as
a colorless oil. MS (ESI) m/z: 309.4 [M+H]*

silica gel

(24-2) methyl [(6S)-4-{4-[1-(2-t-butoxy-2-ox0-
ethyl)-1H-pyrazol-4-yl|phenyl}-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-

yl]acetate (Example Compound 24-2)

To a mixture of Reference Example compound 1 (200
mg), Example compound 24-1 (297 mg), palladium acetate
(33 mg), S-phos (60 mg) and potassium fluoride (140 mg)
were added tetrahydrofuran (2.4 mL) and water (0.052 mL).
After nitrogen substitution, under microwave irradiation, the
mixture was stirred with heating at 70° C. for 1.5 hr. The
mixture was cooled to room temperature and Example
compound 24-1 (75 mg), palladium acetate (11 mg), S-phos
(20 mg) were added. After nitrogen substitution, the mixture
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was stirred with heating under microwave irradiation at 70°
C. for 30 min. The reaction mixture was diluted with ethyl
acetate, activated carbon was added, insoluble material was
filtered off through diatomaceous earth, and the filtration
residue was washed with ethyl acetate. The filtrate was
concentrated under reduced pressure, and the residue was
purified twice by silica gel column chromatography (chlo-
roform:methanol=100:0-97:3) to give the title compound
(158 mg) as a pale-yellow viscous compound.
MS (ESI) m/z: 561.4 [M+H]*

(24-3) methyl [(6S)-4-(4-{ 1-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]-1H-
pyrazol-4-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-

f][1,2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 24)

O~

To a solution of Example compound 24-2 (152 mg) in
dichloromethane (2 ml) was added at room temperature
trifluoroacetic acid (2 mL), and the mixture was stirred at the
same temperature for 1.5 hr. The reaction mixture was
concentrated under reduced pressure, and toluene was added
to the residue. The solvent was evaporated under reduced
pressure. The obtained residue was dissolve in Reference
Example compound 5 (157 mg) and N,N-dimethylforma-
mide (2.7 mL) at room temperature, N,N-diisopropylethyl-
amine (0.47 mL) and HATU (145 mg) were added at the
same temperature, and the mixture was, stirred at the same
temperature for 1 hr. To the reaction mixture was added
saturated aqueous sodium hydrogen carbonate, and the
mixture was extracted twice with ethyl acetate, and the
extract was washed with saturated aqueous sodium hydro-
gen carbonate and saturated brine, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=100:0-
97:3, precolumn:NH silica gel) and the obtained solid was
suspension washed with diethyl ether and collected by
filtration to give the title compound (107 mg) as a white
powder. MS (ESI) m/z: 931.8 [M+H]*
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Example 25

(25-1) methyl 5-methoxy-1-benzotfuran-2-carboxy-
late (Example Compound 25-1)

O,

Q—

To a solution of 2-hydroxy-5-methoxy-benzaldehyde
(5.00 g) in N,N-dimethylformamide (30 mL) were added
potassium carbonate (8.63 g) and methyl 2-bromoacetate
(3.16 mL) and the mixture was stirred at 80° C. for 19 hr.
Water was added to the reaction mixture, and the precipitate
was collected by filtration. The filtrate was extracted 3 times
with ethyl acetate, and the extract was dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The residue as a solid was combined

OH

with the solid which was previously collected by filtration to
give the title compound (3.6 g) as a pale-yellow solid.

MS (ESI) m/z: 207.0 [M+H]*

(25-2) methyl 5-hydroxy-1-benzofuran-2-carboxy-
late (Example Compound 25-2)

HO. 0

[}

o—

To a solution of Example compound 25-1 (2.84 g) in
dichloromethane (70 mL) was added tribromoborane (14.5
ml) at =78° C. and the mixture was stirred for 10 min, and
stirred for 2 hr while raising the temperature to room
temperature. Methanol was added and the mixture was
washed with saturated brine. The organic layer was
extracted with ethyl acetate, and the extract was dried over
anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The obtained residue
was purified by silica gel column chromatography (hexane:
ethyl acetate=90:10-75:25) to give the title compound (1.74
g) as a colorless solid. MS (ESI) m/z: 193.1 [M+H]*
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(25-3) methyl 5-{2-[(t-butoxycarbonyl)amino]
ethoxy }-1-benzofuran-2-carboxylate (Example
Compound 25-3)

O
SO
9} o—

A mixture of Example compound 25-2 (300 mg), potas-
sium carbonate (431 mg), N,N-dimethylformamide (3.1 mL)
and t-butyl N-(2-bromoethyl)carbamate (350 mg) was
stirred at 50° C. for 24 hr. Potassium carbonate (431 mg) and
t-butyl N-(2-bromoethyl)carbamate (350 mg) were added,
and the mixture was stirred for 8 hr. Furthermore, t-butyl
N-(2-bromoethyl)carbamate (174 mg) was added and the
mixture was is stirred for 3 hr. Potassium carbonate (431
mg) and t-butyl N-(2-bromoethyl)carbamate (174 mg) were
added and the mixture was stirred for 2 hr. To the reaction

mixture was added water, and the mixture was extracted
with ethyl acetate, and the extract was washed with water
and saturated brine, dried over anhydrous sodium sulfate
and filtered. The solvent was evaporated under reduced
pressure. Water-ethanol was added to the precipitated solid,
ultrasonicated, suspension washed and the solid was col-
lected by filtration to give the title compound (415 mg).
MS (ESI) m/z: 671.6 [2 M+H]"
(25-4) 5-{2-[(t-butoxycarbonyl)amino]ethoxy}-1-

benzofuran-2-carboxylic acid (Example Compound
25-4)

4\*/\/ \ ¢

OH

e}
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To a solution of Example compound 25-3 (412 mg) in
tetrahydrofuran (5.0 mL), water (1.0 mL) and methanol (1.0
ml) was added lithium hydroxide monohydrate (154 mg)
under ice-cooling and the mixture was stirred for 3 hr. Under
ice-cooling, ethyl acetate and water were added to the
reaction mixture and the mixture was acidified (pH 4) by
adding 1N hydrochloric acid with stirring. After partitioning,
the aqueous layer was extracted with ethyl acetate. The
organic layers were combined, washed with saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated m under reduced pressure and the residue was
dried to give the title compound (360 mg) as a white solid.
MS (ESI) m/z: 320.4 [M-H]~

(25-5) t-butyl (2-{[2-({(2S)-1-[(2S,4R)-4-hydroxy-
2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl)-1-benzofuran-5-yl]
oxy }ethyl)carbamate (Example Compound 25-5)

To a solution of Example compound 25-4 (245 mg),
Reference Example compound 5 (385 mg) in N,N-dimeth-
ylformamide (5.0 mL) were added, under ice-cooling, N,N-
diisopropylethylamine (0.264 ml.) and HATU (580 mg), and
the mixture was stirred at room temperature for 24 hr.
Furthermore, (0.264 mlL),
HATU (145 mg) were added and the mixture was stirred at

room temperature for 24 hr. Water was added to the reaction

N,N-diisopropylethylamine

mixture and the mixture was extracted with chloroform. The
solvent was evaporated under reduced pressure. To the
residue was added ethyl acetate, the mixture was washed 3
times with water and the solvent was evaporated under
reduced pressure. The obtained residue was purified by silica
gel column chromatography (ethyl acetate:methanol=100:0-
93:7) to give the title compound (560 mg) as a white solid.
MS (ESI) m/z: 748.7 [M+H]"*
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(25-6) methyl [(6S)-4-{4'-[(2-{[2-({(2S)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)-1-benzofuran-5-
yl]oxy }ethyl)carbamoyl][1,1'-biphenyl]-4-y1}-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 25)

To a solution of Example compound 25-5 (110 mg) and
dichloromethane (1.1 ml) was added trifluoroacetic acid
(1.1 mL), and the mixture was stirred at room temperature
for 2 hr. To the reaction mixture was added dichloromethane
and the solvent was evaporated under reduced pressure. To
the residue was added toluene and the mixture was concen-
trated under reduced pressure. This operation was performed
twice and the mixture was dried by heating. To the obtained
residue were added N,N-dimethylformamide (1.5 mL), N,N-
diisopropylethylamine (0.256 ml), Example compound
90-1 (99 mg) and HATU (84 mg) was added under ice-
cooling and the mixture was stirred at room temperature for
19 hr. To the reaction mixture was added ice water and the
mixture was extracted with chloroform and the extract was
washed 3 times with water. The solvent was evaporated
under reduced pressure. The obtained residue was purified
by silica gel column chromatography (chloroform:metha-
nol=100:0-93:7) to give the title compound (79 mg) as a
white solid. MS (ESI) m/z: 1129.8 [M+H]"

Example 26
(26-1) (6S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6-
[(5-methyl-1,3.4-0xadiazol-2-yl)methyl]-6H-thieno

[3,2-f] [1,2,4]triazolo[4,3-a][1,4]diazepine (Example
Compound 26-1)

Cl

=
=
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LOH

=z

NS

To a solution of (S)-4-(4-chlorophenyl)-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepine-6-ace-
tic acid (2.0 g) in tetrahydrofuran were added triethylamine
(0.69 mL), pivaloyl chloride (0.61 ml) and hydrazine
monohydrate (0.61 mL), and the mixture was stirred at room
temperature for 1 hr. The reaction mixture was concentrated,
the obtained residue was purified by silica gel column
chromatography (chloroform:methanol=50:1) to give a
white solid (1.30 g). To a solution of the obtained solid
(1.30) in tetrahydrofuran (50 mL.) and ethyl acetate (50 mL)
was added acetic anhydride (0.35 mL), and the mixture was
stirred at room temperature for 1 hr. The reaction mixture
was concentrated and the obtained residue was purified by
silica gel column chromatography (chloroform:metha-
nol=20:1) to give a white solid (1.51 g). To a solution of the
obtained solid (0.80 g) in 1,2-dimethoxyethane (20 mL) was
added phosphorus oxychloride (2.21 ml) and the mixture
was stirred at 100° C. for 2 hr. The reaction mixture was
added to ice water and the mixture was stirred at room
temperature for 1 hr. 1IN Aqueous sodium hydroxide solu-
tion was added and the mixture was extracted with ethyl
acetate, and the extract was washed with saturated brine,
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The obtained
residue was purified by silica gel column chromatography
(chloroform:methanol=50:1) to give the title compound
(0.59 g) as a white solid. MS (ESI) m/z: 439.3 [M+H]*
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(26-2) (2S,4R)-1-[(28)-2-{2-[(3-cyano-4'-{(6S)-2,3,
9-trimethyl-6-[(5-methyl-1,3,4-0xadiazol-2-yl)
methyl]-6H-thieno[3,2-f] [1,2,4]triazolo[4,3-a][1,4]
diazepin-4-y1}[1,1'-biphenyl]-4-yl)oxy]acetamido} -
3,3-dimethylbutanoyl]-4-hydroxy-N-{(1S)-1-[4-(4- 5
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 26)

N
I

By reaction and treatment in the same manner as in
Example 17 (17-1)-(17-3) and using Reference Example
compound 7 instead of 2-methoxy-4-(4,4,5,5-tetramethyl-1,
3,2-dioxaboran-2-yl)phenol, and Example compound 26-1
instead of Reference Example compound 1, the title com-
pound was obtained as a pale-yellow solid. MS (ESI) m/z:
1006.9 [M+H]*

30

35

Example 27

-1) t-buty -3-(4-bromophenyl)-2-propenoate
27-1) t-butyl (2E)-3-(4-b henyl)-2
(Example compound 27-1) 40
Br.
45
/ O\’<

(6]

50

To a suspension of 4-bromocinnamic acid (2.0 g) in
t-butanol (22 mL.) were added at room temperature di-t-butyl
dicarbonate (2.50 g) and 4-dimethylaminopyridine (1.40 g), o
and the mixture was stirred at 80° C. for 4 hr. The reaction
mixture was concentrated under reduced pressure, to the
residue was added ethyl acetate, and the mixture was suc-
cessively washed with saturated aqueous sodium hydrogen 60
carbonate, saturated aqueous ammonium chloride solution
and saturated brine, dried over anhydrous sodium sulfate
and filtered. The solvent was evaporated under reduced
pressure. To the residue were added is hexane, and the 6

insoluble material was filtered off and the filtration residue

0;39
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was washed with hexane. The filtrate was concentrated
under reduced pressure to give a crudely purified title
compound (1.52 g) as a pale-yellow solid. "H NMR (400
MHz, CDCl,) dppm 1.53 (9H, s), 6.35 (1H, d, J=15.9 Hz),
7.31-7.41 (2H, m), 7.46-7.55 (3H, m)

OH

Tz

(27-2) t-butyl (2E)-3-[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaboronan-2-yl)phenyl]-2-propenoate (Example
Compound 27-2)

e}

\
0"
\Q\/\’(O
[

To a mixture of Example compound 27-1 (1.51 g), bis
(pinacolato)diboron (1.49 g), 1,1'-bis(diphenylphosphino)
ferrocene-palladium(II) dichloride dichloromethane com-
plex (218 mg) and potassium acetate (1.05 g) was added
1,4-dioxane (14 ml). After nitrogen substitution, under
microwave irradiation, the mixture was stirred with heating
at 130° C. for 30 min. To the reaction mixture was added
ethyl acetate and the insoluble material was filtered off
through diatomaceous earth-activated carbon, and the filtra-
tion residue was washed with ethyl acetate. The filtrate was
concentrated under reduced pressure, and the residue was
purified by silica gel column chromatography (hexane:ethyl
acetate=100:0-90:10) to give the title compound (1.40 g) as
a white solid. '"H NMR (400 MHz, CDCl,) dppm 1.35 (12H,

s), 1.53 (9IL, ), 6.42 (1H, d, J=16.4 Hz), 7.50 (2H, d, J=8.2
Hz), 7.58 (1M, d, ]=16.4 Hz), 7.80 (2H, d, J=8.2 Hz)
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(27-3) t-butyl (2B)-3-{4'-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-y1} -
2-propenoate (Example Compound 27-3)

O

O~

To a mixture of Reference Example compound 1 (400
mg), Example compound 27-2 (414 mg), 2-dicyclohex-
ylphosphino-2'-6'-dimethoxybiphenyl aminobiphenyl palla-
dium chloride precatalyst (70 mg) and potassium fluoride
(168 mg) were added tetrahydrofuran (4.8 mL.) and water
(0.063 mL). After nitrogen substitution, the mixture was
stirred with heating under microwave irradiation at 70° C.
for 30 min, cooled to room temperature, and palladium
acetate (44 mg), S-phos (80 mg), potassium fluoride (168
mg) and water (0.063 mL) were added. After nitrogen
substitution, under microwave irradiation, the mixture was
stirred with heating at 70° C. for 2 hr. The mixture was
cooled to room temperature again, Example compound 27-2
(414 mg), palladium acetate (87 mg), S-phos (158 mg),
potassium fluoride (168 mg), water (0.063 m[) were added.
After nitrogen substitution, under microwave irradiation, the
mixture was stirred with heating at 70° C. for 1.5 hr. The
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reaction mixture was diluted with ethyl acetate, activated
carbon was added, the insoluble material was filtered off
through diatomaceous earth, and the filtration residue was
washed with ethyl acetate. The filtrate was concentrated
under reduced pressure, and the residue was purified by
silica gel column chromatography (chloroform:metha-
nol=100:0-97:3, precolumn:NH silica gel) to give a crudely
purified title compound (616 mg) as a pale-yellow powder.
MS (ESI) m/z: 583.5 [M+H]*

(27-4) methyl [(6S)-4-{4'-[(1E)-3-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl }amino)-3-oxopropen-1-
yl1][1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno| 3,
2-f][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate
(Example Compound 27)

OH

To a solution of Example compound 27-3 (200 mg) in
dichloromethane (2 mL) was added at room temperature
trifluoroacetic acid (2 mL), and the mixture was stirred at the
same temperature for 1 hr. The reaction mixture was con-
centrated under reduced pressure and toluene was added to
the residue. The solvent was evaporated under reduced
pressure. The obtained residue was dissolved in Reference
Example compound 5 (181 mg) and N,N-dimethylforma-
mide (3 mL) at room temperature, N,N-diisopropylethylam-
ine (0.54 mL) and HATU (167 mg) were added at the same
temperature, and the mixture was stirred at the same tem-
perature for 1 hr. To the reaction mixture was added satu-
rated aqueous sodium hydrogen carbonate, and the mixture
was extracted twice with ethyl acetate, and the extract was
washed with saturated aqueous sodium hydrogen carbonate
and saturated brine, dried over anhydrous sodium sulfate
and filtered. The solvent was evaporated under reduced
pressure. The residue was purified by NH silica gel column
chromatography (ethyl acetate:methanol=100:0-90:10) and
the obtained solid was suspension washed with diethyl ether
and collected by filtration to give the title compound (177
mg) as a white powder. MS (ESI) m/z: 953.8 [M+H]"
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(28-1) t-butyl 3-{4'-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4- 5

yl}propanoate (Example Compound 28-1)

O
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Example compound 27-3 (410 mg) was dissolved in
methanol (6.4 mL), and 10% palladium carbon (273 mg)
was added. The reaction container was substituted with
hydrogen and the mixture was stirred at room temperature
for 1 hr. The reaction container was substituted with nitrogen
and the reaction mixture was filtered. The filtrate was
concentrated, methanol (12 mL) and 20% palladium hydrox-
ide carbon (180 mg) were added to the residue and the
reaction container was substituted with hydrogen. After
stirring at room temperature for 15 hr, the reaction container
was substituted with nitrogen. The reaction mixture was
filtered, and the solvent was concentrated under reduced
pressure to give a crudely purified title compound (334 mg)
as a pale-yellow powder. MS (ESI) m/z: 585.5 [M+H]*

(28-2) methyl [(6S)-4-{4'-[3-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-3-oxopropyl][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,
2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 28)

OH

N,

To a solution of Example compound 28-1 (334 mg) in
dichloromethane (3 mL) was added trifluoroacetic acid (3
ml) at room temperature, and the mixture was stirred at the
same temperature for 1 hr. The reaction mixture was con-
centrated under reduced pressure, and toluene was added to
the residue. The solvent was evaporated under reduced
pressure and the obtained residue was dissolved in Refer-
ence Example compound 5 (330 mg) and N,N-dimethylfor-
mamide (5.7 mL) at room temperature. To this solution were
added at room temperature N,N-diisopropylethylamine (1.0
ml) and HATU (304 mg), and the mixture was stirred at the
same temperature for 1 hr. To the reaction mixture was
added saturated aqueous sodium hydrogen carbonate, and
the mixture was extracted twice with ethyl acetate, and the
extract was washed with saturated aqueous sodium hydro-
gen carbonate and saturated brine, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The residue was purified by NH
silica gel column chromatography (ethyl acetate:metha-
nol=100:0-90:10) and silica gel column chromatography
(chloroform:methanol=100:0-97:3, precolumn:NH silica
gel). The obtained solid was suspension washed with diethyl
ether and collected by filtration to give the title compound
(248 mg) as a white powder. MS (ESI) m/z: 955.8 [M+H]*
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Example 29

(29-1) t-butyl [4-(4'-hydroxy[1,1'-biphenyl]-4-y1)-2,

3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a]

[1,4]diazepin-6-yl]|carbamate (Example Compound
29-1)

HN

To a mixture of Example compound 18-1 (760 mg),
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (550
mg), 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
aminobiphenyl palladium chloride precatalyst (65 mg) were
added 1,4-dioxane (8.3 mL) and 2 M aqueous cesium
carbonate solution (2.5 ml). After nitrogen substitution,
under microwave irradiation, the mixture was stirred with
heating at 150° C. for 15 min. The aqueous layer in the
reaction mixture was removed by a pipette operation, the
insoluble material was filtered off through diatomaceous
earth-activated carbon, and the filtration residue was washed
with chloroform. The filtrate was concentrated under
reduced pressure, and the residue was purified by silica gel
column chromatography (chloroform:ethyl acetate=50:50-
0:100) to give a crudely purified title compound (998 mg) as
a white powder. MS (ESI) m/z: 516.4 [M+H]*
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(29-2) methyl [(4'-{6-[(t-butoxycarbonyl)amino]-2,
3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a]
[1,4]diazepin-4-y1}[1,1'-biphenyl]-4-yl)oxy]acetate
(Example Compound 29-2)

HN

To a solution of Example compound 29-1 (994 mg) and
methyl bromoacetate (0.18 mL) in N,N-dimethylformamide
(8.2 mL) was added at room temperature cesium carbonate
(800 mg), and the mixture was stirred at 60° C. for 15 min.
Water was added to the reaction mixture, and the mixture
was extracted twice with ethyl acetate, and the extract was
washed with water and saturated brine, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=100:0-

97:3) to give the title compound (876 mg) as a pale-yellow
powder. MS (ESI) m/z: 588.5 [M+H]*

(29-3) t-butyl (4-{4'-[2-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-
1-oxobutan-2-yl}amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4]diazepin-6-yl)carbamate
(compound 29-3)

on
§

504
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To a solution of Example compound 29-2 (870 mg) in
tetrahydrofuran (8 mL), methanol (4 ml.) and water (4 mL)
was added at room temperature lithium hydroxide monohy-
drate (250 mg), and the mixture was stirred at the same
temperature for 1 hr. To the reaction mixture was added 5%
aqueous potassium hydrogensulfate solution, and the mix-
ture was extracted twice with chloroform, and the extract
was dried over anhydrous sodium sulfate and filtered. The
solvent was evaporated under reduced pressure. To the
residue were added at room temperature Reference Example
compound 5 (855 mg) and N,N-dimethylformamide (15
ml) to give a solution, N,N-diisopropylethylamine (0.77
ml) and HATU (788 mg) were added at the same tempera-
ture, and the mixture was stirred at the same temperature for
30 min. To the reaction mixture was added saturated aque-
ous sodium hydrogen carbonate, and the mixture was
extracted once with ethyl acetate, and the extract was
washed with water and saturated brine, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=100:0-
97:3) to give a crudely purified title compound (1.56 g) as
a white powder. MS (ESI) nm/z: 1000.7 [M+H]*

(29-4) (2S,4R)-1-[(29)-2-(2-{[4'-(6-amino-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-y1)[1,1'-biphenyl]-4-yl]oxy }acetamido)-
3,3-dimethylbutanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 29-4)

O
== O;\N
S H
s
w/N \N
L)~
TN NH

To a solution of Example compound 29-3 (1.55 g) in

o

dichloromethane (8 mL) was added at room temperature
trifluoroacetic acid (8 mL), and the mixture was stirred at the
same temperature for 1 hr. The reaction mixture was con-
centrated under reduced pressure, toluene was added to the
residue and the mixture was concentrated again under
reduced pressure. The residue was dissolved in methanol (10
mL), potassium carbonate was added at room temperature to
alkalify the reaction mixture. After stirring at the same
temperature for 5 min, saturated aqueous sodium hydrogen
carbonate was added and the mixture was extracted twice
with chloroform. The organic layers were mixed, dried over
anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (chloroform:metha-
nol=95:5-90:10) to give the title compound (1.24 g) as a
white powder.
MS (ESI) m/z: 451.1[(M+2H)/2]*
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(29-5) methyl (4-{4'-[2-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-

1-oxobutan-2-yl }amino)-2-oxoethoxy][1,1'-

biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,

2.4]triazolo[4,3-a][1,4]diazepin-6-yl)carbamate

(Example Compound 29)

—_—

o,
A

O—

To a solution of Example compound 29-4 (630 mg) in
dichloromethane (3.5 mL) were added N,N-diisopropyleth-
ylamine (0.18 ml) and methyl chloroformate (73 mg) at
room temperature, and the mixture was stirred at the same
temperature for 1 hr. Water was added to the reaction
mixture, and the mixture was extracted twice with chloro-
form, and the extract was dried over anhydrous sodium
sulfate and filtered. The solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-97:
3) to give the title compound (265 mg) as a white powder.

MS (ESI) m/z: 958.6 [M+H]*

Example 30

(30-1) 4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno
[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-6-0] (Ex-
ample Compound 30-1)

Cl

NS
=

To a suspension of ethyl (6-amino-4-(4-chlorophenyl)-2,
3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]di-
azepin-6-yl)carboxylate (4.0 g) (described in JP-A-7-17941,
Starting Material Preparation Example 1) in ethanol (60
ml), water (20 mL) was added barium hydroxide (19.1 g) at
room temperature, and the mixture was stirred at same
temperature for 3 hr. At room temperature, concentrated
hydrochloric acid was added to the reaction mixture to
adjust to pH=1-2 and the mixture was stirred for 30 min. The
reaction mixture was diluted with chloroform (100 mL),
saturated aqueous sodium hydrogen carbonate (150 mL) was
added and the mixture was stirred at the same temperature
for 10 min. The insoluble material was filtered off, and the
filtrate was partitioned. The aqueous layer was extracted
with chloroform (100 mL), the mixed organic layer was
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The residue
was purified by NH silica gel column chromatography
(chloroform:methanol=97:3) to give the title compound
(527 mg) as a white solid. MS (ESI) m/z: 359.2 [M+H]*

Ol
=~ O - 0 N
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(30-2) (2S,4R)-4-hydroxy-1-[(28)-2-(2-{[4'-(6-hy-
droxy-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-y1)[1,1'-biphenyl]-4-y]]
oxy racetamido)-3,3-dimethylbutanoyl]-N-{(1S)-1-
[4-(4-methyl-1,3-thiazol-5-y1)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 30)

OH

To a mixture of compound 30-1 (50 mg), Reference
Example compound 9 (108 mg) and 2-dicyclohexylphos-
phino-2',4'6'-triisopropylbiphenyl aminobiphenyl palla-
dium chloride precatalyst (11 mg) were added 1,4-dioxane
(1.4 mL) and 2 M aqueous cesium carbonate solution (0.21
ml). After nitrogen substitution, under microwave irradia-
tion, the mixture was stirred with heating at 120° C. for 1 hr.
Water was added to the reaction mixture, and the mixture
was extracted 3 times with chloroform, and the extract was
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-

form:methanol=100:0-95:5) and NH silica gel column chro-

507 e

S b ¢
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matography (chloroform:methanol=100:0-97:3) to give the
title compound (14 mg) as a white powder.
MS (ESI) m/z: 901.5 [M+H]*

Example 31 and Example 32

(31-1) and (32-1) methyl [(6R)-4-{4'-[2-({(2S)-1-
[(2S,4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl}carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}amino)-2-
oxoethoxy][1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
carbamate, methyl [(6S)-4-{4"-[2-({(2S)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy][ 1,
1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[ 3,2-f]
[1,2,4]triazolo[4,3-a][1,4]|diazepin-6-yl|carbamate)

9
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Example compound 29 (250 mg) was resolved by chiral
column [CHIRALPAK ID (30250 mm), methanol:tetrahy-
drofuran:normal butylamine=70:30:0.5] and the fraction
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-97:3) to give both the title com-
pounds (compound having shorter retention time, 105 mg
(MS (ESID) m/z: 958.8 [M+H]*, Example compound 31) and
compound having longer retention time, 105 mg (MS (ESI)
m/z: 958.8 [M+H]*, Example compound 32)) as white
solids.

Example 33
(33-1) t-butyl ({4'-[(6S)-2,3,6,9-tetramethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-4-

yl1][1,1'-biphenyl]-4-yl}oxy)acetate (Example Com-
pound 33-1)
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To a mixture of Reference Example compound 4 (300
mg), Reference Example compound 8 (300 mg) and 2-di-
cyclohexylphosphino-2',4',6'-triisopropylbiphenyl aminobi-
phenyl palladium chloride precatalyst (30 mg) were added
1,4-dioxane (3.8 mL) and 2 M aqueous cesium carbonate
solution (1.1 mL). After nitrogen substitution, under micro-
wave irradiation, the mixture was stirred with heating at
120° C. for 20 min. Water was added to the reaction mixture,
and the mixture was extracted twice with ethyl acetate. The
insoluble material was filtered off through diatomaceous
earth-activated carbon, and the filtration residue was washed
with ethyl acetate. The filtrate was concentrated under
reduced pressure, and the residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-97:
3) to give the title compound (340 mg) as a pale-yellow

powder.

MS (ESI) m/z: 529.4 [M+H]"

(33-2) (2S,4R)-1-{(2S)-3,3-dimethyl-2-[2-({4'-
[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a] [1,4] diazepin-4-yl][1,1'-biphenyl]-4-
yl}oxy)acetamido]butanoyl}-4-hydroxy-N-{(1S)-1-
[4-(4-methyl-1,3-thiazol-5-y1l)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 33)

To a solution of Example compound 33-1 (335 mg) in
dichloromethane (2 mL) was added at room temperature
trifluoroacetic acid (2 mL), and the mixture was stirred at the
same temperature for 1 hr. The reaction mixture was con-
centrated under reduced pressure, and toluene was added to
the residue. The solvent was evaporated under reduced
pressure, the obtained residue was dissolved in Reference
Example compound 5 (366 mg) and N,N-dimethylforma-
mide (6.4 mL) at room temperature, N,N-diisopropylethyl-
amine (1.1 mL)) and HATU (338 mg) were added at the same
temperature, and the mixture was stirred at the same tem-
perature for 30 min. Water was added to the reaction
mixture, and the mixture was extracted twice with ethyl
acetate, and the extract was washed with saturated aqueous
sodium hydrogen carbonate, water and saturated brine, dried
over anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (chloroform:metha-
nol=100:0-97:3, precolumn:NH silica gel) and the obtained
solid was suspension washed with diethyl ether and col-
lected by filtration to give the title compound (391 mg) as a
white powder. MS (ESI) m/z: 899.7 [M+H]*
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Example 34

(34-1) (2S,4R)-1-[(25)-2-(2-{[4'-(6-acetamido-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl) [1,1'-biphenyl]-4-yl]oxy }acetamido)-
3,3-dimethylbutanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-y1) phenyl] ethyl}pyrrolidine-
2-carboxamide (Example Compound 34)

To a solution of Example compound 29-4 (40 mg) in
dichloromethane (1 ml.) were added at room temperature
N,N-diisopropylethylamine (0.012 m[) and acetic anhy-
dride (0.007 mL), and the mixture was stirred at the same
temperature for 1 hr. Water was added to the reaction
mixture, and the mixture was extracted twice with chloro-
form. The organic layer was mixed, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=100:0-
97:3) to give the title compound (24 mg) as a white powder.
MS (ESI) m/z: 472.1[(M+2H)/2]*

Example 35
(35-1) methyl [4-(4-chlorophenyl)-2,3,9-trimethyl-

6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl]carbamate (Example Compound 35-1)

cl
S
S
=
YN \N
/
N N/ o
HN\(

To a solution of 6-amino-4-(4-chlorophenyl)-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepine
(200 mg) (described in JP-A-7-17941, Starting Material
Preparation Example 1) in dichloromethane (6 ml) were
added at 0° C. N,N-diisopropylethylamine (0.15 mL.) and

methyl chloroformate (0.05 mL.), and the mixture was stirred
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at the same temperature for 30 min. Water was added to the
reaction mixture, and the mixture was extracted twice with
chloroform, and the extract was dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. The residue was purified by silica

gel column chromatography (chloroform:methanol=100:0-

97:3) to give the title compound (233 mg) as a pale-orange
powder. MS (ESI) m/z: 416.3 [M+H]*
(35-2) methyl [4-(4-chlorophenyl)-2,3,9-trimethyl-

6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl|methylcarbamate (Example Compound 35-2)

T~
oV

O\

To a solution of Example compound 35-1 (230 mg) in
N,N-dimethylformamide (5.5 mL) was added at room tem-
perature sodium hydride (45 mg, 60%, dispersion in liquid
paraffin) and the mixture was stirred for 5 min. Methyl
iodide (0.069 ml) was added and the mixture was stirred at
the same temperature for 2 hr. To the reaction mixture was
added saturated aqueous ammonium chloride solution, and
the mixture was extracted twice with ethyl acetate, and the
extract was washed with water and saturated brine, dried
over anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (chloroform:metha-
nol=100:0-97:3, precolumn:NH silica gel) to give the title
compound (137 mg) as a pale-yellow powder.

MS (ESI) m/z: 430.3 [M+H]"
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(35-3) methyl (4-{4'-[2-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-
1-oxobutan-2-yl }amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2,4]triazolo[4,3-a][1,4|diazepin-6-yl)
methylcarbamate (Example Compound 35)

O~

To a mixture of Example compound 35-2 (60 mg), 25

Reference Example compound 9 (108 mg) and 2-dicyclo-
hexylphosphino-2',4',6'-triisopropylbiphenyl aminobiphenyl
palladium chloride precatalyst (11 mg) were added 1,4-

dioxane (1.4 mL) and 2 M aqueous cesium carbonate s,

solution (0.21 mL). After nitrogen substitution, under micro-
wave irradiation, the mixture was stirred with heating at
150° C. for 30 min. Water was added to the reaction mixture,
the mixture was extracted 4 times with ethyl acetate, the

organic layers were combined, and the insoluble material 3

was filtered off through diatomaceous earth-activated car-
bon. The filtrate was dried over anhydrous sodium sulfate
and filtered. The solvent was evaporated under reduced

pressure. To the residue were added 2-dicyclohexylphos- 40

phino-2',4'6'-triisopropylbiphenyl aminobiphenyl palla-
dium chloride precatalyst (11 mg), 1,4-dioxane (1.4 mL.) and
2 M aqueous cesium carbonate solution (0.21 mL). After
nitrogen substitution, under microwave irradiation, the mix-
ture was stirred with heating at 120° C. for 30 min. The
reaction mixture was cooled to room temperature, 2-dicy-
clohexylphosphino-2',4',6'-triisopropylbiphenyl  aminobi-

5
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Tz

phenyl palladium chloride precatalyst (11 mg) and 2 M
aqueous cesium carbonate solution (0.21 ml) were added.
After nitrogen substitution, under microwave irradiation, the
mixture was stirred again with heating at 150° C. for 30 min.
Water was added to the reaction mixture, and the mixture
was extracted 3 times with chloroform, and the extract was
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-97:3, precolumn:NH silica gel) and
purified again by silica gel column chromatography (chlo-
roform:methanol=100:0-90:10, precolumn:NH silica gel) to
give the title compound (30 mg) as a pale-yellow powder.
MS (ESI) m/z: 972.7 [M+H]*

Example 36

(36-1) ethyl (4-{4"-[2-({(2S)-1-[(2S,4R)-4-hydroxy-
2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethoxy][1,1'-biphenyl]-
4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo
[4,3-a][1,4]diazepin-6-yl)carbamate (Example
Compound 36)
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To a solution of Example compound 29-4 (50 mg) in
dichloromethane (2 ml.) were added, under ice-cooling,
N,N-diisopropylethylamine (0.015 mL) and ethyl chlorofor-
mate (0.006 mL), and the mixture was stirred at the same
temperature for 30 min. Water was added to the reaction
mixture, and the mixture was extracted twice with chloro-
form, and the extract was dried over anhydrous sodium
sulfate and filtered. The solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-97:
3) to give the title compound (35 mg) as a white powder.

MS (ESI) m/z: 972.6 [M+H]*

Example 37

(37-1) (2S8,4R)-4-hydroxy-1-{(28)-2-[2-({4'-[6-(2-
methoxyacetamido)-2,3,9-trimethyl-6H-thieno[3,2-1]
[1,2,4]triazolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphe-
nyl]-4-yl}oxy)acetamido]-3,3-dimethylbutanoyl}-N-
{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 37)

To a solution of Example compound 29-4 (50 mg) in
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3) to give the title compound (39 mg) as a pale-yellow

dichloromethane (2 mL) were added, under ice-cooling, ,, powder. MS (ESI) m/z: 487.1[(M+2H)/2]*

N,N-diisopropylethylamine (0.015 mL) and methoxyacetyl
chloride (0.007 mL), and the mixture was stirred at the same
temperature for 30 min. Water was added to the reaction
mixture, and the mixture was extracted twice with chloro-

form, and the extract was dried over anhydrous sodium 45

sulfate and filtered. The solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-97:

Example 38

(38-1) (2S,4R)-1-[(2S)-2-{2-[(4'-{6-[(dimethylcar-
bamoyl)amino]-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,
4]triazolo[4,3-a] [1,4]diazepin-4-y1}[1,1'-biphenyl]-
4-yloxylacetamido}-3,3-dimethylbutanoyl]-4-
hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}pyrrolidine-2-carboxamide (Example
Compound 38)
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To a solution of Example compound 29-4 (50 mg) in
acetonitrile (2 mL) and chloroform (2 ml) were added at
room temperature N,N-diisopropylethylamine (0.03 mL)
and dimethylcarbamoyl] chloride (0.01 m[L), and the mixture
was stirred at 60° C. for 3 hr. The reaction mixture was
cooled to room temperature, N,N-diisopropylethylamine
(0.10 mL) and dimethylcarbamoyl chloride (0.052 mL) were
added, and the mixture was further stirred at 60° C. for 6 hr.
Water was added to the reaction mixture, and the mixture
was extracted twice with chloroform, and the extract was
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-97:3) to give the title compound (20
mg) as a white powder.

MS (ESI) m/z: 486.5[(M+2H)/2]*

Example 39

(39-1) t-butyl [(4-bromophenyl)methoxy]acetate
(Example compound 39-1)

TR

To a solution of 4-bromobenzyl alcohol (3.0 g) in N,N-
dimethylformamide (100 ml.) were added at room tempera-
ture cesium carbonate (5.7 g) and t-butyl bromoacetate (2.4
mL), and the mixture was stirred at the same temperature for
15 hr (white suspension). Saturated aqueous ammonium
chloride solution and water were added to the reaction
solution, and the mixture was extracted with ethyl acetate,
and the extract was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(hexane:ethyl acetate=98:2-90:10) to give the title com-
pound (3.62 g) as a colorless oil. 'H NMR (400 MHz,
DMSO-d6) dppm 1.42 (9H, s), 4.03 (2H, s), 4.49 (2H, s),
730 (2H, d, J=7.3 Hz), 7.55 (2H, d, J=7.5 Hz)

(39-2) methyl [(6S)-4-{4'-[(2-t-butoxy-2-0xoethoxy)
methyl] [1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate (Example Compound 39-2)
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Reference Example compound 3 (500 mg) and Example
compound 39-1 (357 mg) were dissolved in tetrahydrofuran
(4.9 mL), palladium acetate (22 mg), S-phos (81 mg),
potassium fluoride (172 mg) and water (0.062 mL) were
added and the mixture was stirred at 85° C. for 86.5 hr. The
insoluble material in the reaction solution was filtered off
through diatomaceous earth, water was added to the filtrate,
and the mixture was extracted with chloroform and the
organic layer was dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-
form:methanol=98:2-93:7) to give the title compound (404
mg) as a pale-yellow powder. MS (ESI) m/z: 601.5 [M+H]*

(39-3) ({4'-[(68)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-y1][1,1'-biphenyl]-4-y1} methoxy )acetic

acid trifluoroacetate (Example Compound 39-3)

To a solution of Example compound 39-2 (400 mg) in
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 17 hr. The reaction solution was diluted with ethyl
acetate, and the solvent was evaporated under reduced
pressure. The mixture was further azeotropically concen-
trated with toluene and the operation was performed twice to
give the title compound (609 mg) as a crudely purified

pale-yellow oil.

MS (ESI) m/z: 545.5 [M+H]"
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(39-4) methyl [(6S)-4-(4'-{[2-({(28)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy Jmethyl}
[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate
(Example Compound 39)

5
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To a solution of Reference Example compound 1 (500
mg) in tetrahydrofuran (5.0 mL) were added bispinacolato-
boron (459 mg), dichlorobis(tricyclohexylphosphine)palla-
dium (89 mg) and potassium acetate (237 mg) and the
mixture was stirred with heating at 85° C. for 4 hr. To the
reaction solution was added dichlorobis(tricyclohexylphos-
phine)palladium (89 mg), and the mixture was further stirred

O—0

To a solution of Example compound 39-3 (605 mg),
Reference Example compound 5 (320 mg) in N,N-dimeth-
ylformamide (4.4 mL) was added N,N-diisopropylethylam-
ine (0.691 mL), HATU (759 mg) was added under ice-
cooling, and the mixture was allowed to naturally warm to
room temperature and stirred for 15 hr. Water was added to
the reaction solution and the mixture was extracted with
chloroform. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=100:0-95:5) (repurified with chloroform:metha-
nol=100:0-96:4) to give the title compound (319 mg) as a
pale-yellow solid. MS (ESI) m/z: 1015.8 [M+HCOO]~

Example 40

(40-1) methyl [(6S)-4-(3'-fluoro-4'-hydroxy[1,1'-
biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate (Ex-
ample Compound 40-1)
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with heating at 85° C. for 4 hr. To the reaction solution were
added 4-bromo-2-fluorophenol (276 mg), palladium acetate
(27 mg), S-phos (99 mg), potassium fluoride (210 mg) and
water (0.076 mL) in one pot, and the mixture was stirred at
85° C. for 23 hr. The insoluble material in the reaction
solution was filtered off through diatomaceous earth, water
was added to the filtrate and the mixture was extracted with
chloroform. The organic layer was dried over anhydrous
sodium sulfate and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (chloroform:methanol=98:2-93:7)
to give the title compound (576 mg) as a pale-yellow viscous
compound.
MS (ESI) m/z: 491.4 [M+H]*

(40-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-
3'-fluoro[ 1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-

yl}acetate (Example Compound 40-2)

MK

O

To a solution of Example compound 40-1 (574 mg) in
N,N-dimethylformamide (5.9 mL) were added t-butyl bro-
moacetate (251 mg) and potassium carbonate (469 mg) and
the mixture was stirred with heating at 60° C. for 30 min. Ice
water was added to the reaction solution and the mixture was
extracted with chloroform. The organic layer was washed
with water and saturated brine, and dried over anhydrous
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sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was purified twice by silica gel column
chromatography (chloroform:methanol=100:0-95:5) to give
the title compound (293 mg) as a pale-brown viscous
compound.

MS (ESI) m/z: 605.5 [M+H]*

(40-3) ({3-fluoro-4'-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-
yl}oxy)acetic acid trifluoroacetate (Example
Compound 40-3)

E OH
YN \N ; \ ;
N\N/>\(\(O F O
O—

To a solution of Example compound 40-2 (290 mg) in
dichloromethane (3.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (3.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 2 hr. The reaction solution was diluted with ethyl acetate,
and the solvent was evaporated under reduced pressure, and
the mixture was further concentrated azeotropically with
toluene. This operation was performed two times to give the
title compound (456 mg) as a pale-brown crudely purified
oil.

MS (ESI) m/z: 549.4 [M+H]*

(40-4) methyl [(6S)-4-{3'-fluoro-4"-[2-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy][1,
1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f]
[1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 40)
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To a solution of Example compound 40-3 (456 mg),
Reference Example compound 5 (320 mg) in N,N-dimeth-
ylformamide (4.5 mL) was added N,N-diisopropylethylam-
ine (0.714 mL), then HATU (760 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 15 hr. Water was added
to the reaction solution and the mixture was extracted with
chloroform, and the organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=100:0-96:4) to give the title compound (231 mg)
as a pale-yellow solid. MS (ESI) m/z: 1019.8 [M+HCOO]~

Example 41

(41-1) methyl [(6S)-4-(2'-fluoro-4'-hydroxy[1,1'-
biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno|3,2-f][ 1,2,
4]triazolo[4,3-a] [1,4]diazepin-6-yl]|acetate (Ex-
ample Compound 41-1)

O~

To a solution of Reference Example compound 1 (500
mg) in tetrahydrofuran (5.0 mL) were added bispinacolato-
boron (459 mg), dichlorobis(tricyclohexylphosphine)palla-
dium (89 mg) and potassium acetate (237 mg) and the
mixture was stirred with heating at 85° C. for 4 hr. To the
reaction solution was added dichlorobis(tricyclohexylphos-
phine)palladium (89 mg), and the mixture was further stirred
with heating at 85° C. for 4 hr. To the reaction solution were
added 4-bromo-3-fluorophenol (276 mg), palladium acetate

OH

O O\)j\%j;‘/ﬁ
© o) gl\Q\%\N
-
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(27 mg), S-phos (99 mg), potassium fluoride (210 mg) and

water (0.076 mL) in one pot, and the mixture was stirred at
85° C. for 23 hr. The insoluble material in the reaction
solution was filtered off through diatomaceous earth, water
was added to the filtrate and the mixture was extracted with
chloroform. The organic layer was dried over anhydrous
sodium sulfate and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (chloroform:methanol=98:2-93:7)
to give the title compound (720 mg) as a pale-yellow crudely
purified viscous compound. MS (ESI) m/z: 491.4 [M+H]*

(41-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-
2'-fluoro[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-6-

yl}tacetate (Example Compound 41-2)

oK

O

To a solution of Example compound 41-1 (715 mg,
crudely purified) in N,N-dimethylformamide (6.0 mL) were
added t-butyl bromoacetate (259 mg) and potassium car-
bonate (333 mg) and the mixture was stirred with heating at
60° C. for 30 min. Ice water was added to the reaction
solution and the mixture was extracted with chloroform. The
organic layer was washed with water and saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography twice (chloroform:
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methanol=100:0-95:5) to give the title compound (330 mg)
as a pale-brown viscous compound.
MS (ESI) m/z: 605.5 [M+H]"

(41-3) ({2-fluoro-4'-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-][1,2,4 ]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-

yl}oxy)acetic acid trifluoroacetate (Example
Compound 41-3)

YN \ t OH

I ¥ F/\_<

No N)\(\(O F O
O~

To a solution of Example compound 41-2 (325 mg) in
dichloromethane (3.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (3.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 2 hr. The reaction solution was diluted with ethyl acetate,
and the solvent was evaporated under reduced pressure. The
residue was further concentrated azeotropically with toluene
and this operation was performed two times to give the title
compound (526 mg) as a pale-brown crudely purified oil.

MS (ESI) m/z: 549.4 [M+H]*

(41-4) methyl [(6S)-4-{2'-fluoro-4'-[2-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy][ 1,
1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[ 3,2-f]
[1,2,4]triazolo[4,3-a][1,4]|diazepin-6-yl]acetate
(Example Compound 41)
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To a solution of Example compound 41-3 (526 mg),
Reference Example compound 5 (382 mg) in N,N-dimeth-
ylformamide (5.3 mL) was added N,N-diisopropylethylam-
ine (0.823 mL), and HATU (905 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm 5
to room temperature and stirred for 15 hr. Water was added
to the reaction solution and the mixture was extracted with
chloroform, and the organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=100:0-96:4) to give the title compound (199 mg)
as a yellow solid. MS (ESI) m/z: 1019.9 [M+HCOO]~

10

Example 42 13

(42-1) (2S,4R)-1-[(2S)-2-{[5-(2-aminoethoxy)-1-
benzofuran-2-carbonyl]amino}-3,3-dimethylbu-
tanoyl]-4-hydroxy-N-{(18)-1-[4-(4-methyl-1,3-thi-
azol-5-yl)phenyl]ethyl}pyrrolidine-2-carboxamide
(Example Compound 42-1)

20

To a solution of Example compound 25-5 (560 mg) in ** compound (547 mg) as a pale-brown solid. MS (ESI) m/z:
dichloromethane (3.0 mL) was added, under ice-cooling, 648.7 [M+H]*
trifluoroacetic acid (3.0 mL), and the mixture was stirred at
room temperature for 1.5 hr. The reaction mixture was
diluted with dichloromethane, and the solvent was evapo-
rated under reduced pressure. The residue was diluted with
chloroform, saturated aqueous sodium hydrogen carbonate

(42-2) methyl [(6S)-4-(4-{3-[(2-{[2-({(28)-1-[(2S,
40 4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-

was added under ice-cooling and the mixture was stirred. dimethyl-1-oxobutan-2-yl}carbamoy1)-1-
After partitioning, the aqueous layer was extracted with benzofuran-5-ylJoxy }ethyl)carbamoyl]pyrrolidin-1-
chloroform again, and the organic layers were combined, yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2.4]
dried over anhydrous sodium sulfate, filtered and the solvent 45 triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
was evaporated under reduced pressure to give the ftitle Compound 42)

(€]
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To a solution of Example compound 81-1 (205 mg) in
dichloromethane (2.0 mL) was added, under ice-cooling,
trifluoroacetic acid (2.0 mL), and the mixture was stirred at
room temperature for 2 hr. The reaction mixture was diluted
with dichloromethane, and the solvent was evaporated under
reduced pressure. To the residue were added toluene and the
mixture was concentrated under reduced pressure. This
operation was performed twice. To a solution of the obtained
residue, Example compound 42-1 (241 mg), N,N-dimethyl-
formamide (3.7 mL), N,N-diisopropylethylamine (0.645
ml.) was added, under ice-cooling, HATU (263 mg) and the
mixture was stirred at room temperature for 2 hr. Under
ice-cooling, to the reaction mixture was added saturated
aqueous sodium hydrogen carbonate, and the mixture was
extracted with chloroform, and the extract was washed with
water, dried over anhydrous sodium sulfate and filtered. The
solvent was evaporated under reduced pressure. The
obtained residue was purified by silica gel chromatography
(hexane:ethyl acetate=100:0-90:0) to give the title com-
pound (263 mg) as an orange solid. MS (ESI) m/z: 1123.9
[M+H]~

Example 43

(43-1) methyl {(6S)-4-[4'-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-
1-oxobutan-2-yl}carbamoyl)[ 1,1'-biphenyl]-4-y1]-2,
3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a]
[1,4]diazepin-6-y1}acetate (Example Compound 43)

Reference Example compound 11 (350 mg) was dissolved
in dichloromethane (3.5 mL), trifluoroacetic acid (3.5 mL)
was added under ice-cooling, and the mixture was stirred at
room temperature for 1.5 hr. The reaction mixture was
diluted with dichloromethane and the solvent was evapo-
rated under reduced pressure. Toluene was added to the
residue and evaporated under reduced pressure twice. The
residue was dried under reduced pressure to give a yellow
solid (450 mg). The obtained solid (330 mg) was dissolved
in N,N-dimethylformamide (5.4 mL), N,N-diisopropyleth-
ylamine (0.46 mL), Reference Example compound 5 (277
mg), HATU (308 mg) were added under ice-cooling and the
mixture was stirred at room temperature for 17 hr. To the
reaction mixture were added, under ice-cooling, saturated
aqueous sodium hydrogen carbonate, water and the mixture
was extracted twice with chloroform, and the organic layers
were collected, washed with water, dried over anhydrous
sodium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
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column chromatography (chloroform:methanol=100:0-50:
50). Successively, it was purified by preparative HPLC (10
mM aqueous ammonium carbonate solution-acetonitrile)
twice. Furthermore, it was purified by NH silica gel column
chromatography (ethyl acetate:methanol=100:0-85:15) and
silica gel column chromatography (ethyl acetate:metha-
nol=100:0-85:15) to give the title compound (122 mg) as a
yellow-white solid.
MS (ESI) m/z: 927.5 [M+H]*

Example 44

(44-1) t-butyl [(pyrrolidin-3-yl)oxy]acetate (Ex-
ample Compound 44-1)

To a solution of N-(benzyloxycarbonyl)-3-hydroxypyrro-
lidine (1.0 g) in tetrahydrofuran (22.6 mL.) was added, under
ice-cooling, sodium hydride (60%, 199 mg) and the mixture
was stirred for 30 min. t-Butyl bromoacetate (0.663 mL) was
added and the mixture was stirred at room temperature for
2 hr. Sodium hydride (60%, 54 mg) and t-butyl bromoac-
etate (0.331 ml) were added and the mixture was further
stirred for 4 hr. The reaction mixture was partitioned
between ethyl acetate and ice water, and the aqueous layer
was again extracted twice with ethyl acetate, and the organic
layers were combined, dried over anhydrous sodium sulfate
and filtered. The solvent was evaporated under reduced
pressure. The obtained residue was purified by silica gel
column chromatography (hexane:ethyl acetate=100:0-65:
35) to give a pale-yellow oil (663 mg). To a solution of the
obtained oil (660 mg) in ethanol (6.6 mL) was added 7.5%
palladium carbon (PH, 120 mg) and the mixture was stirred
under a hydrogen atmosphere at room temperature for 2 hr.
To the reaction mixture was added ethanol and the mixture
was passed through a syringe filter (chromatodisc) to
remove palladium carbon and washed with ethanol, and the
filtrate was concentrated to give the title compound (420
mg) as an unpurified orange solid. MS (ESD) m/z: 202.3
[M+H]*

(44-2) methyl [(6S)-4-{4-[3-(2-t-butoxy-2-oxoeth-
oxy)pyrrolidin-1-yl]phenyl}-2,3,9-trimethyl-6H-

thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-
yl]acetate (Example compound 44-2)

Dy
ST
oW

\N (o)

O\

A mixture of Example compound 44-1 (175 mg), Refer-
ence Example compound 1 (300 mg), tris(dibenzylideneac-



US 11,542,273 B2

197
etone)dipalladium(0) (33 mg), t-BuXphos (31 mg), potas-

sium phosphate (460 mg) and tetrahydrofuran (7.2 mL) was
stirred in a microwave reaction apparatus (Initiator, manu-
factured by Biotage) at 70° C. for 3 hr. Tris(dibenzylide-
neacetone)dipalladium(0) (33 mg) and t-BuXphos (31 mg)
were added and the mixture was stirred at 70° C. for 3 hr.
Tris(dibenzylideneacetone)dipalladium(0) (33 mg), t-BuX-
phos (31 mg), potassium phosphate (230 mg) were added
and the mixture was further stirred at 70° C. for 3 hr. The
mixture was stirred with heating under reflux for 18 hr in an
oil bath. Water was added to the reaction mixture, and the
mixture was extracted with chloroform, and the extract was
dried over anhydrous sodium sulfate and filtered. The sol-
vent was evaporated under reduced pressure. The obtained
residue was purified by silica gel column chromatography
(chloroform:methanol=100:0-93:7) to give the title com-
pound (315 mg) as a crudely purified orange solid. MS (ESI)
m/z: 580.5 [M+H]*

(44-3) methyl [(6S)-4-(4-{3-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]
pyrrolidin-1-y1}phenyl)-2,3,9-trimethyl-6H-thieno|[3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 44)

o</

Ny

To a solution of Example compound 44-2 (315 mg) in
dichloromethane (3.1 mL) was added, under ice-cooling,
trifluoroacetic acid (3.1 mL), and the mixture was stirred at
room temperature for 4 hr. The reaction mixture was con-
centrated, toluene was added to the residue, the mixture was
concentrated under reduced pressure, and the residue was
dried under reduced pressure. To a solution of the obtained
residue, Reference Example compound 5 (288 mg), N,N-
dimethylformamide (5.4 mL), N,N-diisopropylethylamine
(0.940 mL) was added HATU (372 mg) under ice-cooling
and the mixture was stirred at room temperature for 3 hr.
Under ice-cooling, water was added to the reaction mixture,
and the mixture was extracted with chloroform. The solvent
was evaporated under reduced pressure. The obtained resi-
due was diluted with chloroform, washed with water, dried
over anhydrous sodium sulfate and filtered. The solvent was
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evaporated under reduced pressure. The obtained residue
was purified by silica gel chromatography (ethyl acetate:
methanol=100:0-95:5) to give the title compound (244 mg)
as a yellow solid. MS (ESI) m/z: 950.8 [M+H]*

Example 45

(45-1) methyl [(6S)-4-(4'-amino[1,1'-biphenyl]-4-
y1)-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,
3-a][1,4]diazepin-6-yl]acetate (Example Compound
45-1)

NH,

To a solution of Reference Example compound 1 (500
mg) in tetrahydrofuran (4.0 mL) were added 4-(4.,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (290 mg), pal-
ladium acetate (27 mg), S-phos (99 mg), potassium fluoride
(210 mg) and water (0.076 mL) and the mixture was stirred

@]
Q/ O\/( \\\OH
N
N N
(@]
(@]
N
H

st

at 85° C. for 16.5 hr. To the reaction solution were added
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (264
mg), palladium acetate (27 mg), S-phos (99 mg) and the
mixture was further stirred at 85° C. for 3 hr. The insoluble
material in the reaction solution was filtered off through
diatomaceous earth, water was added to the filtrate and the
mixture was extracted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (chloroform:metha-
nol=99:1-95:5) to give the title compound (432 mg) as a
pale-brown viscous compound.
MS (ESI) m/z: 472.4 [M+H]"
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(45-2) methyl [(6S)-4-{4'-[(2-t-butoxy-2-0x0ethyl)
amino][1,1'"-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-6-
yl]acetate (Example Compound 45-2)

s

To a solution of Example compound 45-1 (430 mg) in
N,N-dimethylformamide (0.92 ml) were added t-butyl bro-
moacetate (178 mg) and potassium carbonate (139 mg) and
the mixture was stirred at room temperature for 28 hr. Ice
water was added to the reaction solution and the mixture was
extracted with ethyl acetate. The organic layer was washed
with saturated brine and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (chloroform:methanol=100:0-96:4) to give the title

compound (304 mg) as a red-brown solid.

MS (ESI) m/z: 586.5 [M+H]*
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(45-3) ({4'-[(68)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-y1][1,1'-biphenyl]-4-yl}amino)acetic acid
trifluoroacetate (Example Compound 45-3)

To a solution of Example compound 45-2 (300 mg) in
dichloromethane (1.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (0.5 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 8 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed twice and the residue was
dried by heating under reduced pressure to give the title
compound (410 mg) as a red-brown crudely purified viscous
compound.

MS (ESI) m/z: 530.4 [M+H]"

(45-4) methyl [(6S)-4-(4"-{[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]lamino}[1,
1'-biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-f]
[1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]|acetate
(Example Compound 45)
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To a solution of Example compound 45-3 (330 mg),
Reference Example compound 5 (264 mg) in N,N-dimeth-
ylformamide (3.4 mL) was added N,N-diisopropylethylam-
ine (0.886 mL), and HATU (584 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 15 hr. Water was added
to the reaction solution and the mixture was extracted with
chloroform. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=95:5-90:10-85:15) and further purified by
silica gel column chromatography (chloroform:metha-
nol=99:1-95:5). The obtained solid was suspension washed
with diethyl ether, collected by filtration and dried under
reduced pressure to give the title compound (113 mg) as an
orange solid.

MS (ESI) m/z: 479.2[(M+2H)/2]*

Example 46

(46-1) t-butyl (4-bromophenoxy)acetate (Example
Compound 46-1)

K

To a solution of 4-bromophenol (3.0 g) in N,N-dimeth-
ylformamide (26 mL.) was added cesium carbonate (6.21 g)
and the mixture was stirred for 10 min. t-Butyl bromoacetate
(3.43 g) was added dropwise over 5 min and the mixture was
stirred at room temperature for 3 hr. To the reaction solution
were added saturated aqueous ammonium chloride solution
and water, and the mixture was extracted with ethyl acetate.
The organic layer was washed with water and saturated
brine, dried over anhydrous sodium sulfate and the solvent
was evaporated under reduced pressure. The obtained resi-
due was purified by silica gel column chromatography
(hexane:ethyl acetate=98:2-93:7) to give the title compound
(5.61 g) as colorless crudely purified liquid. 'H NMR (400
MHz, CDCl,) dppm 1.48 (9H, s), 4.48 (2H, s), 6.75-6.78
(2H, m), 7.35-7.40 (2H, m)

(46-2) methyl [(6S)-4-{4-[4-(2-t-butoxy-2-oxoeth-
oxy)anilino]phenyl}-2,3,9-trimethyl-6H-thieno|3,2-
f] [1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 46-2)

N \Q\OAL(OK
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To a solution of Reference Example compound 10 (150
mg) in tetrahydrofuran (3.8 mL) were added Example com-
pound 46-1 (163 mg), palladium acetate (8.5 mg), t-BuX-
phos (32 mg) and tripotassium phosphate (242 mg) and the
mixture was stirred at 70° C. for 66.5 hr. The insoluble
material in the reaction solution was filtered off through
diatomaceous earth, water was added to the filtrate and the
mixture was extracted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane:ethyl
acetate=99:1-95:5) to give the title compound (130 mg) as a

pale-yellow crudely purified viscous compound.

MS (ESI) m/z: 602.5 [M+H]"

(46-3) (4-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9-

trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]

diazepin-4-yl]anilino }phenoxy)acetic acid trifluoro-
acetate (Example Compound 46-3)

N\N o
E OH
Ol F/VS <o
F

To a solution of Example compound 46-2 (125 mg) in
dichloromethane (1.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (0.5 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 5 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed twice and the residue was
dried by heating under reduced pressure to give the title
compound (207 mg) as a red-brown crudely purified viscous

compound.

MS (ESI) m/z: 546.5 [M+H]"
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(46-4) methyl [(6S)-4-(4-{4-[2-({(29)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]
anilino }phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 46)

To a solution of Example compound 46-3 (200 mg),
Reference Example compound 5 (150 mg) in N,N-dimeth-
ylformamide (2.1 mL) was added N,N-diisopropylethylam-
ine (0.359 mL), and HATU (237 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 18 hr. Water was added
to the reaction solution and the mixture was extracted with
chloroform, and the organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=95:5-90:10-85:15) and further purified by
silica gel column chromatography (chloroform:metha-
nol=99:1-95:5). The obtained solid was suspension washed
with diethyl ether, collected by filtration and dried under
reduced pressure to give the title compound (58 mg) as an
orange solid. MS (ESI) m/z: 487.2[(M+2H)/2]*

Example 47

(47-1) t-butyl (3-bromophenoxy)acetate (Example
Compound 47-1)

Br

Ak

To a solution of 3-bromophenol (3.0 g) in N,N-dimeth-
ylformamide (25.9 mL) was added cesium carbonate (6.21
g) and the mixture was stirred for 10 min. t-Butyl bromo-
acetate (3.38 g) was added dropwise over 5 min, and the
mixture was stirred at room temperature for 3 hr. To the
reaction solution were added saturated aqueous ammonium
chloride solution and water, and the mixture was extracted
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with ethyl acetate. The organic layer was washed with water
and saturated brine, dried over anhydrous sodium sulfate
and the solvent was evaporated under reduced pressure. The
obtained residue was purified by silica gel column chroma-
tography (hexane:ethyl acetate=98:2-93:7) to give the title
compound (5.64 g) as a colorless crudely purified liquid. ‘H

H
N
=
S
H
= N R ‘\‘\\OH
O
" N
I N (0] IS
O
N
H

e

N

NI

NMR (400 MHz, CDCL,) dppm 1.48 (9H, s), 4.94 (2H, s),
6.80-6.86 (1H, m), 7.03-7.07 (1H, m), 7.09-7.17 (2H, m)

(47-2) methyl [(6S)-4-{4-[3-(2-t-butoxy-2-oxoeth-
oxy)anilino]phenyl}-2,3,9-trimethyl-6H-thieno[3,2-
f] [1,2,4]triazolo[4,3-a][ 1,4]diazepin-6-yl]acetate
(Example Compound 47-2)

o

To a solution of Reference Example compound 10 (150
mg) in tetrahydrofuran (3.8 ml) was added tripotassium
phosphate (242 mg) and the mixture was stirred for about 10
min. Example compound 47-1 (131 mg), palladium acetate
(8.5 mg), t-BuXphos (32 mg) were added and the mixture
was stirred at 70° C. for 66.5 hr. The insoluble material in
the reaction solution was filtered off through diatomaceous
earth, water was added to the filtrate and the mixture was
extracted with ethyl acetate. The organic layer was dried
over anhydrous sodium sulfate and the solvent was evapo-
rated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane:ethyl acetate=99:
1-95:5) to give the title compound (110 mg) as a pale-yellow
viscous compound. MS (ESI) m/z: 602.5 [M+H]*
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(47-3) (3-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]anilino }phenoxy)acetic acid trifluoro-
acetate (Example Compound 47-3)

H
PP
== OH
S
/

To a solution of Example compound 47-2 (105 mg) in
dichloromethane (1.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (0.5 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 5 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed twice and the residue was
dried by heating under reduced pressure to give the title
compound (132 mg) as a red-brown crudely purified viscous
compound.

MS (ESI) m/z: 546.5 [M+H]*

(47-4) methyl [(6S)-4-(4-{3-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]
anilino }phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 47)

=
—

O~

To a solution of Example compound 47-3 (125 mg),
Reference Example compound 5 (84 mg) in N,N-dimethyl-
formamide (1.8 mL) was added N,N-diisopropylethylamine
(0.302 mL), and HATU (199 mg) was added under ice-
cooling, and the mixture was allowed to naturally warm to
room temperature and stirred for 18 hr. Water was added to
the reaction solution and the mixture was extracted with
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chloroform. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=95:5-90:10-85:15) and further purified by
silica gel column chromatography (chloroform:metha-
nol=99:1-95:5). The obtained solid was suspension washed
with diethyl ether, collected by filtration and dried under
reduced pressure to give the title compound (50 mg) as an
orange solid.
MS (ESI) m/z: 487.2[(M+2H)/2]*

Example 48

(48-1) (2S,4R)-1-{(2S)-2-[2-(4-bromophenyl)acet-
amido]-3,3-dimethylbutanoyl}-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 48-1)

Zm

Br

,m\\OH

NH

Reference Example compound 5 (400 mg), 2-(4-brom-

0 ophenyl)acetic acid (220 mg) were dissolved in N,N-dim-

60

65

ethylformamide (8.3 mL), and N,N-diisopropylethylamine
(043 ml) and HATU (474 mg) were added under ice-

o

o

cooling and the mixture was stirred for 10 min and at room
temperature for 16 hr. To the reaction mixture were added
saturated aqueous sodium hydrogen carbonate, water and
the mixture was stirred. The mixture was extracted with
chloroform, and the extract was washed twice with water.
After drying over anhydrous sodium sulfate, the solvent was
evaporated under reduced pressure, and the residue was
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purified by silica gel column chromatography (chloroform:
methanol=100:0-93:7) to give the title compound (700 mg)
as a yellow-white solid. MS (ESI) m/z: 641.6 [M+H]*

(48-2) methyl [(6S)-4-{4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 48)

WOH

O

O
HN .
O N
(6]
NH

Example compound 48-1 (400 mg) was dissolved in
tetrahydrofuran (3.1 mL), Reference Example compound 3
(380 mg), palladium acetate (14 mg), S-phos (55 mg),
potassium fluoride (110 mg) and water (40 ul.) were added
and the mixture was stirred at 75° C. for 16 hr. The reaction
mixture was filtered through diatomaceous earth, chloro-
form and water were added to the filtrate, and the organic
layer was extracted and washed with saturated brine, dried
over anhydrous sodium sulfate, and the solvent was evapo-
rated under reduced pressure. The residue was purified by
silica gel column chromatography (chloroform:metha-
nol=100:0-92:8), successively purified by NH silica gel
column chromatography (chloroform:methanol=100:0-92:
8) and silica gel column chromatography (chloroform:
methanol=100:0-92:8) and purified by preparative HPLC
(10 mM aqueous ammonium carbonate solution-acetoni-
trile). It was purified again by silica gel column chromatog-
raphy (ethyl acetate:methanol=100:0-90:10) to give the title

compound (148 mg) as a yellow-white solid.

MS (ESI) m/z: 941.8 [M+H]*
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Example 49

(49-1) methyl [(6S)-4-(4'-hydroxy-2'-methyl[1,1'-
biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno|3,2-f][ 1,2,
4]triazolo[4,3-a] [1,4]diazepin-6-yl]|acetate (Ex-
ample Compound 49-1)

To a mixture of Reference Example compound 1 (500
mg), (4-hydroxy-2-methyl-phenyl)boronic acid (274 mg),
potassium fluoride (210 mg), S-phos (99 mg) and palladium
acetate (27 mg) were added tetrahydrofuran (4.0 mL) and
water (78 pl.) and the mixture was stirred at 70° C. for 110
hr. Tetrahydrofuran, ethyl acetate and water were added, the
insoluble material was filtered through diatomaceous earth,
and the filtrate was passed through a phase separator. The
solvent was evaporated under reduced pressure. The residue
was dissolved in tetrahydrofuran (4.0 mL), and (4-hydroxy-
2-methyl-phenyl)boronic acid (274 mg), potassium fluoride
(210 mg), S-phos (99 mg), palladium acetate (27 mg) were
added and the mixture was stirred at 80° C. for 15 hr. The
reaction mixture was filtered through diatomaceous earth,
water was added to the filtrate and the mixture was extracted
with chloroform, and the extract was dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was purified by silica gel column
chromatography (chloroform:methanol=100:0-93:7) to give
the title compound (560 mg) as a crudely purified brown
solid.

MS (ESI) m/z: 487.4 [M+H]"
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(49-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-
2'-methyl[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-6-
yl}acetate (Example compound 49-2)

>
A

e}

=
S
1
w/N ,
/ N
N
\N/ o

Example compound 49-1 (560 mg) was dissolved in
N,N-dimethylformamide (11.5 mL), t-butyl bromoacetate
(0.26 mL) and potassium carbonate (318 mg) were added
and the mixture was stirred at 60° C. for 1.5 hr. Furthermore,
t-butyl bromoacetate (0.26 mL) was added and the mixture
was stirred at 60° C. for 1.5 hr. To the reaction mixture was
added ice water and the mixture was extracted with ethyl
acetate, and the extract was washed with water and saturated
brine, dried over anhydrous sodium sulfate, and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=100:0-96:4) to give the title compound (435 mg)
as a crudely purified brown solid.

MS (ESI) m/z: 601.5 [M+H]*

(49-3) methyl [(6S)-4-{4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]-2'-
methyl[1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 49)

o9
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\N NH
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Example compound 49-2 (430 mg) was dissolved in
dichloromethane (5.0 mL), trifluoroacetic acid (5.0 mL) was
added under ice-cooling and the mixture was stirred at room
temperature for 4 hr. The solvent was evaporated under
reduced pressure. Toluene was added and the mixture was
concentrated under reduced pressure, and this operation was
performed twice. The residue was dissolved in N,N-dimeth-
ylformamide (14 ml), and N,N-diisopropylethylamine
(0.93 ml), Reference Example compound 5 (516 mg),
HATU (408 mg) were added under ice-cooling and the
mixture was stirred at room temperature for 16 hr. To the
reaction mixture was added ice water and the mixture was
stirred. Saturated aqueous sodium hydrogen carbonate was
added and the mixture was extracted with chloroform. The
aqueous layer was extracted again with chloroform, and the
organic layers were collected and washed twice with water.
After drying over anhydrous sodium sulfate, the solvent was
evaporated under reduced pressure. To the residue were
added ethyl acetate:tetrahydrofuran=1:1, water and the
organic layer was extracted. The organic layer was washed
twice with water and washed with saturated brine. The
aqueous layer was extracted again with ethyl acetate, and the
extract was washed twice with water and washed with
saturated brine. The earlier organic layer was combined and
dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure, and the residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=100:0-85:15), silica gel column chroma-
tography (ethyl acetate:methanol=100:0-85:15) to give the
title compound (265 mg) as a yellow-white solid. MS (ESI)
m/z: 971.5 [M+H]*

Example 50

(50-1) methyl [(6S)-4-(4'-hydroxy[1,1'-biphenyl]-4-

y1)-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,

3-a][1,4]diazepin-6-yl]acetate (Example Compound
50-1

Reference Example compound 1 (2.00 g) was dissolved in
tetrahydrofuran (16 mL), 4-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)phenol (1.60 g), potassium fluoride (840
mg), S-phos (400 mg), palladium acetate (110 mg) and water
(0.31 mL) were added and the mixture was stirred at 75° C.
for 10 hr. Furthermore, 4-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)phenol (800 mg), potassium fluoride (420 mg),
S-phos (200 mg), palladium acetate (55 mg), water (0.31
ml) were added and the mixture was stirred at 75° C. for 15
hr. The reaction mixture was filtered through diatomaceous
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earth, water was added to the filtrate and the mixture was
extracted with chloroform. The aqueous layer was extracted
again with chloroform, and the organic layers were collected
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was purified 5
by silica gel column chromatography (chloroform:metha-
nol=100:0-92:8) to give the title compound (2.60 g) as a
crudely purified purple solid. MS (ESI) m/z: 473.4 [M+H]*

(50-2) methyl [(6S)-4-(4-{[1-({(2S)-1-[(2S 4R)-4- 10
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-1-oxopropan-2-yl|
oxy }[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno
[3,2-1][1,2.4]triazolo[4,3-a] [1.4]diazepin-6-yl] 15
acetate (Example Compound 50)
20
O
yl{
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()
nOH
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By reaction and treatment in the same manner as in
Example 52(52-2)-(52-3) and using t-butyl 2-bromopropi-
onate instead of t-butyl bromoacetate, the title compound
was obtained as a yellow-white solid. MS (ESI) m/z: 971.5

[M-+H]* 0

Example 51
(51-1) t-butyl [(3-bromophenyl)methoxy]acetate »
(Example Compound 51-1)
Br o 30
O/Y \K
(6]
55

To a solution of 3-bromobenzyl alcohol (3.0 g) in N,N-
dimethylformamide (24.0 mL) was added at room tempera-
ture cesium carbonate (5.74 g), and t-butyl bromoacetate
(2.4 mL) was added dropwise over 5 min, and the mixture
was stirred at the same temperature for 24 hr. To the reaction 60
solution were added saturated aqueous ammonium chloride
solution and water, and the mixture was extracted with ethyl
acetate, and the extract was dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatog- 65
raphy (hexane:ethyl acetate=99:1-95:5) to give the title
compound (2.78 g) as a colorless liquid. ‘H NMR (400

212
MHz, CDCL,) dppm 1.49 (9H, s), 3.99 (2H, s), 4.58 (2H, s),
7.22 (1, t, 1=7.7 Hz), 7.29 (1H, d, J=7.7 Hz), 7.39 (1M, dt,
J=1.5, 8.2 Hz), 7.54 (1H, m)

(51-2) methyl [(6S)-4-{3'-[(2-t-butoxy-2-0x0ethoxy)
methyl] [1,1"-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate (Example Compound 51-2)

.k

Reference Example compound 3 (800 mg) and Example
compound 51-1 (464 mg) were dissolved in tetrahydrofuran
(5.1 mL), palladium acetate (23 mg), S-phos (84 mg),
potassium fluoride (179 mg) and water (0.065 mL) were
added and the mixture was stirred at 70° C. for 6 hr. The
insoluble material in the reaction solution was filtered off
through diatomaceous earth, water was added to the filtrate
and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=98:2-90:10) to give the title com-
pound (792 mg) as a yellow viscous compound.

MS (ESI) m/z: 601.5 [M+H]*

(51-3) ({4'-[(68)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-y1][1,1'-biphenyl]-3-y1} methoxy )acetic
acid trifluoroacetate (Example Compound 51-3)
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To a solution of Example compound 51-2 (785 mg) in
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 4 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed two times to give the title
compound (1.13 g) as a crudely purified orange oil.

MS (ESI) m/z: 545.5 [M+H]"
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(51-4) methyl [(6S)-4-(3'-{[2-({(28)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]
methyl}[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 51)

=
=

To a solution of Example compound 51-3 (1.13 g),
Reference Example compound 5 (629 mg) in N,N-dimeth-
ylformamide (8.7 mL) was added N,N-diisopropylethylam-
ine (0.905 mL), and HATU (994 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 16 hr. Water was added
to the reaction solution and the mixture was extracted with
chloroform. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=97:3-90:10-85:15) and further purified by
silica gel column chromatography (chloroform:metha-
nol=98:2-92:8). The obtained solid was suspension washed
with diethyl ether, collected by filtration and dried under
reduced pressure to give the title compound (501 mg) as a
white solid.

MS (ESI) m/z: 971.8 [M+H]*

Example 52

(52-1) methyl [(6S)-4-(2'-chloro-4'-hydroxy|[1,1'-
biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate (Ex-
ample Compound 52-1)
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To a mixture of Reference Example compound 3 (400
mg), 4-bromo-3-chlorophenol (200 mg), potassium fluoride
(139 mg), S-phos (66 mg) and palladium acetate (18 mg) in
tetrahydrofuran (7.9 ml) was added water (51 puL), and the
mixture was stirred at 75° C. for 8 hr. Water was added to
the reaction mixture and the mixture was extracted twice
with chloroform, and the organic layers were collected and

OH

washed with saturated brine, dried over anhydrous sodium
sulfate, and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel column
chromatography (ethyl acetate:methanol=100:0-90:10) to
give a crudely purified title compound (283 mg) as a
yellow-white solid. MS (ESI) m/z: 507.4 [M+H]*

(52-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-
2'-chloro[ 1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-

thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-
yl}acetate (Example Compound 52-2)

=N
»

o

Example compound 52-1 (280 mg) was dissolved in
N,N-dimethylformamide (5.5 mL), t-butyl bromoacetate
(0.12 mL) and potassium carbonate (110 mg) were added
and the mixture was stirred at 60° C. for 2 hr. To the reaction
mixture was added ice water and the mixture was extracted
with ethyl acetate, and the extract was washed twice with
water, and washed with saturated brine. The aqueous layer
was extracted again with ethyl acetate, and the extract was
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washed twice with water, washed with saturated brine, and

the organic layers were collected and dried over anhydrous

sodium sulfate. The solvent was evaporated under reduced

pressure, and the residue was purified by silica gel column

chromatography (chloroform:methanol=100:0-95:5) to give

the title compound as a crudely purified orange oil (323 mg).
MS (ESI) m/z: 621.4 [M+H]*

10
(52-3) methyl [(6S)-4-{2'-chloro-4'-[2-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
y1]-3,3-dimethyl-1-oxobutan-2-y1}amino)-2- 15
oxoethoxy][1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate (Example Compound 52)
20
25
.OH
30
35

Example compound 52-2 (320 mg) was dissolved in
dichloromethane (3.2 mL), trifluoroacetic acid (3.2 mL) was
added under ice-cooling and the mixture was stirred at room
temperature for 3 hr. To the reaction mixture was added
toluene and toluene was evaporated under reduced pressure.
This was repeated 3 times, and the mixture was dried under
reduced pressure at 60° C. The residue was dissolved in
N,N-dimethylformamide (10.3 mL), and N,N-diisopropyl-
ethylamine (0.45 ml), Reference Example compound 5
(297 mg), HATU (294 mg) were added under ice-cooling

and the mixture was stirred at room temperature for 6 hr. To

50

the reaction mixture were added ice water and saturated
brine and the mixture was extracted with ethyl acetate, and
the extract was washed twice with water:saturated brine=1:1
and washed with saturated brine. After drying over anhy-
drous sodium sulfate, the solvent was evaporated under
reduced pressure, and the residue was purified by NH silica
gel column chromatography (ethyl acetate:methanol=100:0-
85:15), silica gel column chromatography (ethyl acetate:
methanol=100:0-85:15) to give the title compound (217 mg)

o
o

as a yellow-white solid.
MS (ESI) m/z: 991.5 [M+H]*

216
Example 53

(53-1) methyl [(6S)-4-{4'-[(2-t-butoxy-2-ox0ethyl)
sulfanyl] [1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate (Example Compound 53-1)

O S;\
(6] (6]

AT T L

To a mixture of Reference Example compound 3 (400
mg), t-butyl 2-(4-bromophenyl)sulfanylacetate (288 mg),
palladium acetate (18 mg), S-phos (65 mg) and potassium
fluoride (140 mg) in tetrahydrofuran (7.9 mL) was added
water (51 pL), and the mixture was stirred at 75° C. for 8 hr.
Water was added to the reaction mixture and the mixture was
extracted twice with chloroform. The organic layers were
collected and washed with saturated brine, dried over anhy-
drous sodium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:methanol=100:0-90:
10) to give the title compound (400 mg) as a yellow oil. MS
(ESD) m/z: 603.5 [M+H]*

(53-2) methyl [(6S)-4-(4"-{[2-({(28)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethyl]sulfanyl}
[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate
(Example Compound 53)

o9

wOH

NH

Example compound 53-1 (400 mg) was dissolved in
dichloromethane (4.0 mL), trifluoroacetic acid (4.0 mL) was
added under ice-cooling and the mixture was stirred at room
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temperature for 3 hr. To the reaction mixture was added
toluene and toluene was evaporated under reduced pressure.
This was repeated 3 times and the mixture was dried under
reduced pressure at 60° C. The residue was dissolved in
N,N-dimethylformamide (10.3 mL), N,N-diisopropylethyl-
amine (0.57 mL), Reference Example compound 5 (383
mg), HATU (378 mg) were added under ice-cooling and the
mixture was stirred at room temperature for 6 hr. To the
reaction mixture were added ice water and saturated brine
and the mixture was extracted with ethyl acetate, and the
aqueous layer was extracted again with ethyl acetate. The
organic layers were collected, washed twice with water:
saturated brine=1:1, and washed with saturated brine. After
drying over anhydrous sodium sulfate, the solvent was
evaporated under reduced pressure, and the residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=100:0-85:15), silica gel column chroma-
tography (ethyl acetate:methanol=100:0-85:15) to give the
title compound (317 mg) as a yellow-white solid.
MS (ESI) m/z: 973.5 [M+H]*

15

20
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Example 54

(54-1) 3-(4-iodophenoxy)propanoic acid (Example
Compound 54-1)

e}

O/\)kOH

A mixed solution of 4-iodophenol (3.0 g), 3-bromopro-
pionic acid (1.4 mL), 10N aqueous sodium hydroxide solu-
tion (2.73 mL) and water (6.81 mL) was stirred with heating
under reflux overnight. Under ice-cooling, concentrated
hydrochloric acid was added to the reaction solution, and the
mixture was extracted with ethyl acetate. The organic layer
was dried over, anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure to give the title com-
pound (750 mg) as a flesh-colored crudely purified solid.

MS (ESI) m/z: 290.8 [M-H]~

(54-2) (2S,4R)-4-hydroxy-1-{(2S)-2-[3-(4-iodophe-
noxy)propanamido]-3,3-dimethylbutanoyl}-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 54-2)

OH

T
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To a solution of Example compound 54-1 (300 mg),
Reference Example compound 5 (494 mg) in N,N-dimeth-
ylformamide (6.9 mL) was added N,N-diisopropylethylam-
ine (0.711 mL), and HATU (781 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 6.5 hr. Water was added
to the reaction solution and the mixture was extracted with
ethyl acetate. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=98:2-93:7) to give the title compound (604 mg) as
a white powder. MS (ESI) m/z: 719.5 [M+H]*
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(54-3) methyl [(6S)-4-{4'-[3-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-3-oxopropoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 54)

O~

To a solution of Example compound 54-2 (226 mg) in
tetrahydrofuran (4.2 ml) were added Reference Example
compound 2 (300 mg), palladium acetate (9.4 mg), S-phos
(34 mg), potassium fluoride (73 mg) and water (0.027 mL.)
and the mixture was stirred at 70° C. for 16.5 hr. The
insoluble material in the reaction solution was filtered off
through diatomaceous earth, water was added to the filtrate
and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The

residue was purified by NH silica gel column chromatog- 4

raphy (ethyl acetate:methanol=97:3-90:10) and further puri-
fied by silica gel column chromatography (chloroform:
methanol=99:1-95:5) to give the title compound (128 mg) as
a white solid. MS (ESI) m/z: 971.8 [M+H]*

Example 55

(55-1) (28,4R)-1-{(2S)-2-[2-(3-bromophenyl)acet-
amido]-3,3-dimethylbutanoyl }-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 55-1)

OH
N
Br N
H o?
0 g)\O\(LN
.

To a solution of 3-bromophenylacetic acid (300 mg),
Reference Example compound 5 (671 mg) in N,N-dimeth-
ylformamide (9.3 mL) was added N,N-diisopropylethylam-
e (0.965 mL), and HATU (1.06 g) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 16 hr. Water was added
to the reaction solution and the mixture was extracted with
ethyl acetate. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=98:2-90:10) to give the title compound (751 mg)
as a yellow viscous compound.

MS (ESI) m/z: 639.5, 641.5 [M+H]*
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(55-2) methyl [(6S)-4-{3'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 55)

O~

To a solution of Example compound 55-1 (745 mg) in
tetrahydrofuran (11.6 mL) were added Reference Example
compound 2 (629 mg), palladium acetate (26 mg), S-phos
(95 mg), potassium fluoride (202 mg) and water (0.075 mL)
and the mixture was stirred at 70° C. for 16.5 hr. The
insoluble material in the reaction solution was filtered off
through diatomaceous earth, water was added to the filtrate
and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=97:3-90:10) and further puri-
fied by silica gel column chromatography (chloroform:
methanol=99:1-95:5). The obtained solid was suspension
washed with diethyl ether, collected by filtration and dried
under reduced pressure to give the title compound (563 mg)
as a white solid.

MS (ESI) m/z: 941.8 [M+H]*

Example 56

(56-1) methyl [(6S)-4-(3'-fluoro-5'-hydroxy[1,1'-
biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate (Ex-
ample Compound 56-1)
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To a solution of Reference Example compound 2 (500
mg) in tetrahydrofuran (1.0 mL) were added 5-bromo-3-
fluorophenol (233 mg), palladium acetate (23 mg), S-phos
(83 mg), potassium fluoride (177 mg) and water (0.066 mL)
and the mixture was stirred at 70° C. for 6 hr. The insoluble
material in the reaction solution was filtered off through
diatomaceous earth, water was added to the filtrate and the

OH
s
B

Frog

mixture was extracted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=98:2-93:7) to give the title compound (361 mg) as
a yellow viscous compound.

MS (ESI) m/z: 491.4 [M+H]*

(56-2) methyl {(6S)-4-[3'-(2-t-butoxy-2-oxoethoxy)-
3'-fluoro[ 1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-

yl}acetate (Example Compound 56-2)

~ 0
g K
_ 0
YN \N
N\N/ o

To a solution of Example compound 56-1 (355 mg) in
N,N-dimethylformamide (3.6 mL) was added cesium car-
bonate (472 mg) and the mixture was stirred for 10 min.
t-Butyl bromoacetate (155 mg) was added dropwise over 5
min and the mixture was stirred at the same temperature for
1 hr. To the reaction solution were added saturated aqueous
ammonium chloride solution and water and the mixture was
extracted with ethyl acetate. The organic layer was washed
with saturated brine and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (chloroform:methanol=100:0-97:3) to give the title
compound (337 mg) as an orange powder.

MS (ESI) m/z: 605.5 [M+H]"
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(56-3) ({5-fluoro-4'-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-3-
yl}oxy)acetic acid trifluoroacetate (Example
Compound 56-3)

O
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To a solution of Example compound 56-2 (330 mg) in
dichloromethane (1.5 mL) was added dropwise under ice-
cooling trifluoroacetic acid (1.5 mL) and the mixture was
allowed to naturally warm to room temperature and stirred
for 4 hr. The reaction solution was diluted with ethyl acetate,
and the solvent was evaporated under reduced pressure. The
residue was further concentrated azeotropically with toluene
and this operation was performed two times to give the title
compound (522 mg) as a crudely purified orange viscous

compound.

MS (ESI) m/z: 549.4 [M+H]"

(56-4) methyl [(6S)-4-{3'-fluoro-5"-[2-({(25)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy][ 1,
1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[ 3,2-f]
[1,2,4]triazolo[4,3-a][1,4]|diazepin-6-yl]acetate
(Example Compound 56)

To a solution of Example compound 56-3 (520 mg),
Reference Example compound 5 (263 mg) in N,N-dimeth-
ylformamide (3.6 mL) was added N,N-diisopropylethylam-
ine (0.378 mL), and HATU (415 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 40 hr. Water was added
to the reaction solution and the mixture was extracted with
chloroform. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=97:3-90:10-88:12) and further purified by
silica gel column chromatography (chloroform:metha-
nol=100:0-97:3). The obtained solid was suspension washed
with diethyl ether, collected by filtration and dried under
reduced pressure to give the title compound (278 mg) as a
white solid.

MS (ESI) m/z: 975.7 [M+H]"
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Example 57

(57-1) (28,4R)-1-{(2S)-2-[3-(3-bromophenoxy)pro-
panamido]-3,3-dimethylbutanoyl}-4-hydroxy-N-
{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example Com-
pound 57-1)

OH

To a solution of 3-(3-bromophenoxy)propionic acid (300
mg), Reference Example compound 5 (589 mg) in N,N-
dimethylformamide (8.2 ml.) was added N,N-diisopropyl-
ethylamine (0.847 mL), and HATU (931 mg) was added
under ice-cooling, and the mixture was allowed to naturally
warm to room temperature and stirred for 15 hr. Water was
added to the reaction solution and the mixture was extracted
with ethyl acetate. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=100:0-95:5) to give the title compound (628 mg)
as a pale-yellow powder.

MS (ESI) m/z: 671.4, 673.4 [M+H]*

N
H

(57-2) methyl [(6S)-4-{3'-[3-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-3-oxopropoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 57)

1
S H
=
N
Ne N/ o

O—0r

To a solution of Example compound 57-1 (312 mg) in
tetrahydrofuran (4.7 mL) were added Reference Example
compound 2 (217 mg), palladium acetate (11 mg), S-phos
(38 mg), potassium fluoride (81 mg) and water (0.030 mL)
and the mixture was stirred at 70° C. for 4 hr. The insoluble
material in the reaction solution was filtered off through
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diatomaceous earth, water was added to the filtrate and the
mixture was extracted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and the solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=98:2-90:10-88:12) and further purified by
silica gel column chromatography (chloroform:metha-

@
1

nol=100:0-97:3). The obtained solid was suspension washed
with diethyl ether, collected by filtration and dried under
reduced pressure to give the title compound (180 mg) as a
white solid. MS (ESI) m/z: 971.8 [M+H]*

Example 58

(58-1) (28,4R)-1-{(2S)-2-[3-(3-bromophenyl)pro-
panamido]-3,3-dimethylbutanoyl }-4-hydroxy-N-
{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example Com-

pound 58-1)
QH
Br N
O " O
o i A
1
QH
I\/I}
O
5 gJ\Q\(LN
1

To a solution of 3-(3-bromophenyl)propionic acid (300
mg), Reference Example compound 5 (630 mg) in N,N-
dimethylformamide (8.7 ml) was added N,N-diisopropyl-
ethylamine (0.906 mL), and HATU (996 mg) was added
under ice-cooling, and the mixture was allowed to naturally
warm to room temperature and stirred for 15 hr. Water was
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added to the reaction solution and the mixture was extracted
with ethyl acetate. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=100:0-95:5) to give the title compound (680 mg)
as a pale-yellow viscous compound. MS (ESI) m/z: 655.4,
657.4 [M+H]*

(58-2) methyl [(6S)-4-{3'-[3-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-3-oxopropyl][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 58)

O

To a solution of Example compound 58-1 (340 mg) in
tetrahydrofuran (5.2 mL) were added Reference Example
compound 2 (243 mg), palladium acetate (12 mg), S-phos
(43 mg), potassium fluoride (90 mg) and water (0.034 ml.)
and the mixture was stirred at 70° C. for 4 hr. The insoluble
material in the reaction solution was filtered off through
diatomaceous earth, water was added to the filtrate and the
mixture was extracted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and the solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=98:2-90:10-88:12) and further purified by
silica gel column chromatography (chloroform:metha-
nol=100:0-97:3). The obtained solid was suspension washed
with diethyl ether, collected by filtration and dried under
reduced pressure to give the title compound (265 mg) as a
white solid. MS (ESI) m/z: 955.7 [M+H]*

Example 59
(59-1) t-butyl (5-bromo-1H-indazol-1-yl)acetate

(Example Compound 59-1A) and t-butyl (5-bromo-
2H-indazol-2-yl)acetate (Example Compound

59-1B)
[@]
f(o/%
N

Br

228

-continued

Br

5-Bromo-1H-indazole (1.01 g) was dissolved in N,N-
10 dimethylformamide (25 mL), and t-butyl bromoacetate
(0.89 mL) and potassium carbonate (1.11 g) were added and
the mixture was stirred at 80° C. for 1 hr. The mixture was
heated to 100° C. and further stirred for 3 hr. Ice water was
added to the reaction mixture, the mixture was stirred,
hexane:ethyl acetate=1:1 and water were added and the
organic layer was extracted. The aqueous layer was
extracted again with hexane:ethyl acetate=1:1, and the

15

= organic layers were collected and washed twice with water

and washed with saturated brine, dried over anhydrous
sodium sulfate, and the solvent was evaporated under
reduced pressure. The residue was purified by silica gel
column chromatography (hexane:ethyl acetate=90:10-65:
35) to give the title compounds (Example compound 59-1A,
983 mg), (Example compound 59-1B, 440 mg) each as a
yellow solid.

MS (ESD) m/z: 311.2 [M+H]* (Example compound
59-1A), MS (ESD) m/z: 311.2 [M+H]* (Example compound
59-1B)

(59-2) methyl [(6S)-4-(4-{1-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-2-oxoethyl]-1H-
indazol-5-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-a][ 1,4]diazepin-6-yl]acetate
(Example Compound 59)
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By reaction and treatment in the same manner as in
Example 62 (62-1)-(62-2) and using Example compound
59-1A instead of t-butyl 4-bromo-3-fluoro-benzoate, the title
compound was obtained as a white solid. MS (ESI) m/z:
981.5 [M+H]*

Example 60

(60-1) (2S,4R)-1-[(2S)-2-(3-bromobenzamido)-3,3-
dimethylbutanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 60-1)

QH
Br N
H
] 0 5 E)\Q\(LN

SJ

To a solution of 3-bromobenzoic acid (350 mg), Refer-
ence Example compound 5 (838 mg) in N,N-dimethylfor-
mamide (11.6 mL) was added N,N-diisopropylethylamine
(1.2 mL), and HATU (1.32 g) was added under ice-cooling,
and the mixture was allowed to naturally warm to room
temperature and stirred for 14.5 hr. Water was added to the
reaction solution and the mixture was extracted with ethyl
acetate. The organic layer was washed with water, saturated
aqueous sodium hydrogen carbonate and saturated brine,
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (chloroform:metha-
nol=99:1-94:6) to give the title compound (937 mg) as a
pale-yellow solid. MS (ESI) m/z: 625.4, 627.4 [M+H]|*

(60-2) methyl {(6S)-4-[3'-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-
1-oxobutan-2-yl}carbamoyl)[ 1,1'-biphenyl]-4-y1]-2,
3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a]
[1,4]diazepin-6-y1}acetate (Example Compound 60)
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(43 mg), potassium fluoride (91 mg) and water (0.034 ml.)
and the mixture was stirred at 70° C. for 5 hr. The insoluble
material in the reaction solution was filtered off through
diatomaceous earth, water was added to the filtrate and the
mixture was extracted with ethyl acetate. The organic layer
was dried over anhydrous sodium sulfate and the solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=98:2-93:7) and further purified by silica
gel column chromatography (chloroform:methanol=100:0-
97:3). The obtained solid was suspension washed with
diethyl ether, collected by filtration and dried under reduced
pressure to give the title compound (245 mg) as a white
solid. MS (ESI) nv/z: 927.7 [M+H]*

Example 61

(61-1) methyl [(6S)-4-(4'-hydroxy[1,1'-biphenyl]-4-

y1)-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,

3-a][1,4]diazepin-6-yl]acetate (Example Compound
61-1)

To a solution of Reference Example compound 1 (500
mg) in tetrahydrofuran (4.0 mL) were added 4-(4.,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (292 mg), pal-
ladium acetate (27 mg), S-phos (99 mg), potassium fluoride
(210 mg) and water (0.076 mL), and the mixture was stirred
at 85° C. for 16.5 hr. The insoluble material in the reaction
solution was filtered off through diatomaceous earth, water

QH
> j/wa
N
H
o] 0 ) ﬁ)\Q\(LN
SJ/

To a solution of Example compound 60-1 (327 mg) in ¢5 was added to the filtrate and the mixture was extracted with

tetrahydrofuran (5.2 mL) were added Reference Example
compound 2 (244 mg), palladium acetate (12 mg), S-phos

ethyl acetate. The organic layer was dried over anhydrous
sodium sulfate and the solvent was evaporated under
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reduced pressure. The residue was purified by silica gel
column chromatography (chloroform:methanol=99:1-95:5)
to give the title compound (534 mg) as a yellow viscous
compound. MS (ESI) m/z: 473.4 [M+H]*

(61-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)
[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-
f] [1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate
(Example Compound 61-2)

To a solution of Example compound 61-1 (430 mg) in
N, N-dimethylformamide (5.5 ml) were added potassium
carbonate (252 mg) and t-butyl bromoacetate (231 mg), and
the mixture was stirred at 60° C. for 1 hr. Ice water was
added to the reaction solution and the mixture was extracted
with ethyl acetate. The organic layer was washed with water
and saturated brine, and dried over anhydrous sodium sul-
fate. The solvent was evaporated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (chloroform:methanol=100:0-97:3) to give the title

compound (412 mg) as an orange powder.

MS (ESI) m/z: 587.5 [M+H]*
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(61-3) ({4'-[(68)-6-(2-methoxy-2-0xoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl][1,1-biphenyl]-4-yl}oxy)acetic acid
trifluoroacetate (Example Compound 61-3)

YN \N E OH
N 7 o F%—{
N k O
O—

To a solution of Example compound 61-2 (405 mg) in
dichloromethane (1.5 mL) was added dropwise under ice-
cooling trifluoroacetic acid (1.5 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 2 hr. The reaction solution was diluted with ethyl acetate,
and the solvent was evaporated under reduced pressure. The
residue was further concentrated azeotropically with toluene
and this operation was performed two times to give the title
compound (633 mg) as a crudely purified orange viscous
compound.

MS (ESI) m/z: 531.4 [M+H]*

(61-4) methyl [(6S)-4-{4'-[2-({(25)-1-[(2S,4R)-4-
hydroxy-2-({[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
methyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethoxy][1,1'-biphenyl]-
4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo
[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 61)

OH

=z

7

N
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To a solution of Example compound 61-3 (630 mg),
Reference Example compound 6 (263 mg) in N,N-dimeth-
ylformamide (4.6 mL) was added N,N-diisopropylethylam-
ine (0.478 mL), and HATU (525 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 16 hr. To the reaction
solution were added N,N-diisopropylethylamine (0.478
mL), HATU (525 mg), and the mixture was further stirred at
room temperature for 1 hr. Water was added to the reaction
solution and the mixture was extracted with chloroform. The
organic layer was washed with water, saturated aqueous
sodium hydrogen carbonate and saturated brine, and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was purified by NH
silica gel column chromatography (ethyl acetate:metha-
nol=98:2-90:10) and further purified by silica gel column
chromatography (chloroform:methanol=100:0-97:3). The
obtained solid was suspension washed with diethyl ether,
collected by filtration and dried under reduced pressure to
give the title compound (371 mg) as a white solid.

MS (ESI) m/z: 943.7 [M+H]*
Example 62

(62-1) t-butyl 2-fluoro-4'-[(6S)-6-(2-methoxy-2-
oxoethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a] [1,4]|diazepin-4-y1][1,1'-biphenyl]-4-
carboxylate (Example Compound 62-1)

O—_

Reference Example compound 2 (435 mg) was dissolved
in tetrahydrofuran (2.9 mL), t-butyl 4-bromo-3-fluoro-ben-
zoate (291 mg), palladium acetate (20 mg), S-phos (72 mg),
potassium fluoride (154 mg) and water (0.057 mL) were
added and the mixture was stirred at 70° C. for 15 hr. The
insoluble material in the reaction mixture was filtered off
through diatomaceous earth. Water was added to the filtrate
and the mixture was extracted 3 times with ethyl acetate, and
the extract was dried over anhydrous sodium sulfate, and the
solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-97:3) to give the title compound (375
mg) as a pale-yellow powder.

MS (ESI) m/z: 575.4 [M+H]*
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(62-2) methyl {(6S)-4-[2'-fluoro-4'-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-

5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-

dimethyl-1-oxobutan-2-yl }carbamoyl) [1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno|3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 62)

WOH
N .
NH
N NW
\< ] \\_S
N—N o

Example compound 62-1 (180 mg) was dissolved in
dichloromethane (2.0 mL), trifluoroacetic acid (2.0 mL) was
added under ice-cooling and the mixture was stirred at room
temperature for 3 hr. To the reaction mixture was added
toluene and toluene was evaporated under reduced pressure.
This was repeated 3 times, and the residue was dried under
reduced pressure at 60° C. The residue was dissolved in
N,N-dimethylformamide (6.3 mL), N,N-diisopropylethyl-
amine (0.20 mL), Reference Example compound 5 (183
mg), HATU (180 mg) were added under ice-cooling and the
mixture was stirred at room temperature for 16 hr. To the
reaction mixture was added ice water to quench the reaction,
ethyl acetate and saturated brine and water were added and
the organic layer was extracted. The aqueous layer was
extracted again twice with ethyl acetate, and the organic
layers were collected and washed with saturated brine. After
drying over anhydrous sodium sulfate, the solvent was
evaporated under reduced pressure, and the residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=100:0-85:15), silica gel column chroma-
tography (ethyl acetate:methanol=100:0-85:15) to give the
title compound (188 mg) as a yellow solid.

MS (ESI) m/z: 945.5 [M+H]"

Example 63

(63-1) t-butyl [(5-bromopyridin-2-yl)oxy]acetate
(Example Compound 63-1)

Br /@O\)kok
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Under an argon stream, a solution of 5-bromo-2-fluoro-
pyridine (353 mg), t-butyl glycolate (291 mg) in N,N-
dimethylformamide (5§ mL) was cooled to 0° C., sodium
hydride (60%, 120 mg) was added by small portions, and the
mixture was stirred while allowing the mixture to naturally
warm to room temperature for 5 hr. Water was added to the
reaction mixture and the mixture was stirred and extracted
twice with ethyl acetate. The organic layer was washed twice
with water and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography

a

O\

(ethyl acetate:hexane=0:100-10:90) to give the title com-
pound (343 mg) as a colorless viscous compound. MS (ESI)
m/z: 231.9, 233.9 [M-tBu+2H]*

(63-2) methyl [(6S)-4-{4-[6-(2-t-butoxy-2-oxoeth-
oxy)pyridin-3-yl|phenyl}-2,3,9-trimethyl-6H-thieno
[3,2-f][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]ac-
etate (Example Compound 63-2)

LK

N\ O\)I\O
W
g

N
N\N%(\(o

O—

Under an argon stream, Example compound 63-1 (340
mg), Reference Example compound 2 (400 mg), palladium
acetate (18 mg), S-phos (67 mg), potassium fluoride (142
mg) and water (0.053 L) were heated under reflux in a
tetrahydrofuran (5 mL) solvent for 7 hr. Using ethyl acetate,
the reaction mixture was filtered through diatomaceous
earth, and the filtrate was concentrated under reduced pres-

sure. The residue was purified by NH silica gel column
chromatography (ethyl acetate:hexane=50:50-95:5) to give

5

30

35

40

45

50

55

60

65

236
the title compound (326 mg) as a white solid. MS (ESI) m/z:
588.2 [M+H]*

(63-3) methyl [(6S)-4-(4-{6-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethoxy|pyridin-3-
yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 63)

on
0 ':
© fo] g / N
S J

To a solution of Example compound 63-2 (326 mg) in
chloroform (1 ml) was added trifluoroacetic acid (1 mL)
and the mixture was stirred at room temperature for 5 hr. The
reaction mixture was concentrated under reduced pressure,
and azeotropically distilled twice with toluene. The residue
was dissolved in N,N-dimethylformamide (5 mL), and Ref-
erence Example compound 5 (320 mg), N,N-diisopropyl-
ethylamine (0.479 mL), HATU (253 mg) were added and the
mixture was stirred at room temperature for 18 hr. To the
reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was stirred and
extracted 3 times with ethyl acetate. The organic layer was
washed twice with saturated brine and concentrated under
reduced pressure. The residue was purified by silica gel
column chromatography (methanol:chloroform=0:100-5:
95) to give the title compound (411 mg) as a white solid.

MS (ESI) m/z: 958.9 [M+H]*

Example 64

(64-1) t-butyl 3-(4-bromo-1H-pyrazol-1-yl)propano-
ate (Example Compound 64-1)

O
N
/ \N/\)k0)<

Br

To a solution of 4-bromopyrazole (294 mg) in acetonitrile
(5 mL) were added t-butyl acrylate (0.584 ml) and 1,8-
diazabicyclo[5.4.0]-7-undecene (0.149 ml.) and the mixture
was stirred at room temperature for 6 hr. Water was added
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to the reaction mixture and the mixture was stirred and
extracted twice with ethyl acetate. The organic layer was
washed twice with 1N hydrochloric acid and concentrated
under reduced pressure. The residue was purified by silica
gel column chromatography (ethyl acetate:hexane=0:100-
20:80) to give the title compound (536 mg) as a colorless
liquid.
MS (ESI) m/z: 218.9, 220.9 [M-tBu+2H]"

(64-2) methyl [(6S)-4-(4-{1-[3-({(2S9)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-3-oxopropyl]-1H-
pyrazol-4-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate
(Example Compound 64)

=

By reaction and treatment in the same manner as in
Example 63 (63-2)-(63-3) and using Example compound
64-1 instead of Example compound 63-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 945.4 [M+H]*

Example 65

(65-1) methyl [(6S)-4-(4-{2-[2-({(29)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]-2H-
indazol-5-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 65)

By reaction and treatment in the same manner as in
Example 62 (62-1)-(62-2) and using Example compound

0
N
=\ ﬂ OH
N HN
\ N
0
N
it
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59-1B instead of t-butyl 4-bromo-3-fluoro-benzoate, the title
compound was obtained as a yellow solid.
MS (ESI) m/z: 981.5 [M+H]"

Example 66

(66-1) t-butyl (6-bromo-2H-indazol-2-yl)acetate
(Example Compound 66-1)

. )
Br N4>—O
=\
N
T

1

<

e}

N
S\/
35
By reaction and treatment in the same manner as in
Example 59 (59-1) and using 6-bromo-1H-indazole instead

of 5-bromo-1H-indazole, the title compound was obtained
as a white solid. MS (ESI) m/z: 311.1 [M+H]*

40
(66-2) methyl [(6S)-4-(4-{2-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethyl]-2H-
45 indazol-6-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-a][ 1,4]diazepin-6-yl]acetate
(Example Compound 66)
N,
50 N /YO
HN
O WOH
N .
55 o
A N o
N NH
\< Il\I
60 NN NN
L

By reaction and treatment in the same manner as in
Example 62 (62-1)-(62-2) and using Example compound
65 66-1 instead of t-butyl 4-bromo-3-fluoro-benzoate, the title
compound was obtained as a pale-yellow solid.
MS (ESI) m/z: 981.5 [M+H]"
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Example 67

(67-1) methyl [(6S)-4-(4-{(3R)-3-[(2-{[2-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1- 5
yl]-3,3-dimethyl-1-oxobutan-2-y1}carbamoyl)-1-
benzofuran-5-ylJoxy }ethyl)carbamoyl]pyrrolidin-1-
yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 67)
(€]

O 0
N o HN

S / \N .
NM
—
\<N/L )

Example compound 42 (263 mg) was resolved by chiral 5,
column [CHIRALPAK IF (30%*250), ethanol:tetrahydro-
furan:diethylamine=60:40:0.1]. The fraction obtained first
was recovered, concentrated, and purified by silica gel
column chromatography (methanol:chloroform=0:100-10:

90) to give the title compound (93 mg) as a pale-yellow 35
solid. MS (ESI) nvz: 1123.5 [M+H]"

Example 68

(68-1) methyl [(6S)-4-(4-{(39)-3-[(2-{[2-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3- 40
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}carbamoyl)-1-

benzofuran-5-ylJoxy }ethyl)carbamoyl]pyrrolidin-1-

yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]

triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example

Compound 68)

e}

@J‘\g/\/o\ i \/\ fo

S / \N .
NN
—
\<N/L ]
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Example compound 42 (263 mg) was resolved by chiral

column [CHIRALPAK IF (30%*250), ethanol:tetrahydro-
furan:diethylamine=60:40:0.1]. The fraction obtained later
was recovered, concentrated, and purified by silica gel
column chromatography (methanol:chloroform=0:100-10:
90) to give the title compound (93 mg) as a pale-yellow
solid. MS (ESI) nvz: 1123.5 [M+H]"

Example 69 and Example 70

(69-1) and (70-1) methyl [(6S)-4-(4-{(3R)-3-[2-
({(25)-1-[(2S,4R)-4-hydroxy-2-({(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}carbamoyl)
pyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2-
yl}amino)-2-oxoethoxy pyrrolidin-1-y1}phenyl)-2,3,
9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,
4]diazepin-6-yl]acetate and methyl [(6S)-4-(4-{
(3S)-3-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-({(1S)-1-
[4-(4-methyl-1,3-thiazol-5-y1l)phenyl|
ethyl }carbamoyl)pyrrolidin-1-yl]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethoxy|pyrrolidin-1-
yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate)

10
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Example compound 44 (230 mg) was separated by chiral
column [CHIRALPAK IF (30%*250), ethanol:tetrahydro-
furan:diethylamine=60:40:0.1] to give both the title com-
pounds (compound having shorter retention time, 74 mg
(MS (ESD) m/z: 950.7 [M+H]*, Example compound 69) and
compound having longer retention time, 74 mg (MS (ESI)
m/z: 950.7 [M+H]*, Example compound 70)).

Example 71

(71-1) t-butyl [(2-chloropyrimidin-5-yl)oxy]acetate
(Example Compound 71-1)

PP
iy

To a solution of 2-chloro-5-hydroxypyrimidine (261 mg)
in N,N-dimethylformamide (5 ml) were added cesium
carbonate (1.95 g), t-butyl bromoacetate (0.323 mL) and the
mixture was stirred at room temperature for 20 hr. Water was
added to the reaction mixture and the mixture was stirred
and the resulting solid was filtered off. The precipitate was
suspended in water, washed and dried to give the title
compound (422 mg) as a white solid.

MS (ESI) m/z: 245.2, 247.2 [M+H]*

Cl

\\O H

AND

=z

=z
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(71-2) [(2-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]phenyl}pyrimidin-5-yl)oxy]acetic acid
hydrochloride (Example Compound 71-2)

I\i/ﬁ/o\)J\OH
=== N/
S
—
\ HCI

}/N N
/
N\N/ o

O—

Under an argon stream, Example compound 71-1 (239
mg), Reference Example compound 2 (400 mg), palladium
acetate (18 mg), S-phos (67 mg), potassium fluoride (142
mg) and water (0.053 mL) were heated under reflux in a
tetrahydrofuran (5 mL) solvent for 7 hr. Palladium acetate
(18 mg), S-phos (67 mg) were added and the mixture was
further heated under reflux for 16 hr. Using ethyl acetate, the
reaction mixture was filtered through diatomaceous earth,
and the filtrate was concentrated under reduced pressure.
The residue was purified by NH silica gel column chroma-
tography (ethyl acetate:hexane=50:50-100:0) and silica gel
column chromatography (methanol:chloroform=0:100-3:
97) to give a white solid. The obtained solid was dissolved
in chloroform (1 mL), trifluoroacetic acid (1 mL) was added
and the mixture was stirred at room temperature for 15 hr.
The reaction mixture was concentrated under reduced pres-
sure, and the residue was dissolved in ethyl acetate, and
saturated aqueous sodium hydrogen carbonate was slowly
added to adjust to pH9. The mixture was washed twice with
ethyl acetate, the aqueous layer was acidified with IN
hydrochloric acid and extracted 3 times with ethyl acetate.
The organic layer was concentrated under reduced pressure
to give the title compound (282 mg) as a yellow viscous
compound. MS (ESI) m/z: 533.1 [M+H]*

(71-3) methyl [(6S)-4-(4-{5-[2-({(2S9)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]
pyrimidin-2-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 71)
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By reaction and treatment in the same manner as in
Example 97 (97-2) and using Example compound 71-2
instead of Example compound 97-1, the title compound was
obtained as a white solid. MS (ESI) m/z: 959.9 [M+H]*

Example 72

(72-1) t-butyl [(6-bromopyridin-3-yl)oxy]acetate
(Example Compound 72-1)

K

=

x>
Br N

To a solution of 2-bromo-5-hydroxypyridine (348 mg) in
acetonitrile (5 mL) were added cesium carbonate (1.96 g)
and t-butyl bromoacetate (0.323 mL) and the mixture was
stirred at room temperature for 4 hr. Using ethyl acetate, the
reaction mixture was filtered, and the filtrate was concen-
trated under reduced pressure. The residue was purified by
silica gel column chromatography (ethyl acetate:hexane=0:
100-25:75) to give the title compound (566 mg) as a white
solid.

MS (ESI) m/z: 288.0, 290.0 [M+H]*

(72-2) [(6-{4-[(6S)-6-(2-methoxy-2-0x0ethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]phenyl}pyridin-3-yl)oxy]acetic acid
hydrochloride (Example Compound 72-2)

I\i/ﬁ/o\)j\(m
NS N/

S

=

X |
Y N HCI
N\N/ o

O~
OH
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By reaction and treatment in the same manner as in
Example 71 (71-2) and using Example compound 72-1
instead of Example compound 71-1, the title compound was
obtained as a yellow viscous compound. MS (ESI) m/z:
532.1 [M+H]* 5

(72-3) methyl [(6S)-4-(4-{5-[2-({(29)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy |pyridin- 10

2-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example

Compound 72)

O

By reaction and treatment in the same manner as in 35
Example 97 (97-2) and using Example compound 72-2
instead of Example compound 97-1, the title compound was
obtained as a white solid. MS (ESI) m/z: 958.4 [M+H]*

Example 73 40
(73-1) t-butyl [(5-bromopyrimidin-2-yl)amino]ac-
etate (Example Compound 73-1)
45

O
N §\)J\ J< "
“ 0
o
Br A ¥

5-Bromo-2-chloropyrimidine (500 mg), t-butyl glycinate
hydrochloride (520 mg) and triethylamine (0.898 mL.) were 60
stirred in N,N-dimethylformamide (5 mL) solvent at 50° C.
for 6 hr. Water was added to the reaction mixture and the
mixture was stirred and the resulting solid was filtered off.
The precipitate was suspended in water, washed and dried to
give the title compound (474 mg) as a white solid.

MS (ESI) m/z: 231.9, 233.9 [M-tBu+2H]"

55

65
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(73-2) methyl {(6S)-4-[4-(2-{[2-({(2S9)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethyl]
amino }pyrimidin-5-yl)phenyl]-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl}acetate (Example Compound 73)

O

By reaction and treatment in the same manner as in
Example 63 (63-2)-(63-3) and using Example compound
73-1 instead of Example compound 63-1, the title compound
was obtained as a pale-yellow solid. MS (ESI) m/z: 958.4
[M+H]*

Example 74

(74-1) methyl [(6S)-4-(4'-hydroxy-2'-methoxy[1,1'-
biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate (Ex-
ample Compound 74-1)

To a solution of Reference Example compound 2 (300
mg) in tetrahydrofuran (6.1 mL) were added 4-bromo-3-
methoxyphenol (136 mg), palladium acetate (14 mg),
S-phos (50 mg), potassium fluoride (106 mg) and water
(0.040 mL) and the mixture was stirred at 70° C. for 7 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the

filtrate and the mixture was extracted with ethyl acetate. The
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organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=98:2-93:7) to give the title com-
pound (189 mg) as a pale-yellow powder.
MS (ESI) m/z: 503.4 [M+H]*

OH

0 EEJ\Q\(LN
J

(74-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-
2'-methoxy[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-
yl}acetate (Example Compound 74-2)

To a solution of Example compound 74-1 (185 mg) in
N,N-dimethylformamide (3.7 mL) were added cesium car-
bonate (240 mg) and t-butyl bromoacetate (93 mg), and the
mixture was stirred at 60° C. for 4 hr. Ice water was added
to the reaction solution and the mixture was extracted with
ethyl acetate. The organic layer was washed with water and
saturated brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=98:2-93:7) to give the title com-
pound (209 mg) as a yellow powder.

MS (ESI) m/z: 617.5 [M+H]"
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(74-3) ({2-methoxy-4'-[(6S)-6-(2-methoxy-2-0x0- ine (0.345 mL), and HATU (379 mg) was added under
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri- ice-cooling, and the mixture was allowed to naturally warm
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4- to room temperature and stirred for 5 hr. Water was added to
yl}oxy)acetic acid trifluoroacetate (Example the reaction solution and the mixture was extracted with
Compound 74-3) 5 chloroform. The organic layer was washed with water,

saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
10 acetate:methanol=95:5-85:15) and further purified by silica
gel column chromatography (chloroform:methanol=100:0-
97:3). The obtained solid was suspension washed with
diethyl ether, collected by filtration and dried under reduced
pressure to give the title compound (199 mg) as a white
15 solid.
MS (ESI) m/z: 987.9 [M+H]*

Example 75

20 (75-1) methyl {(6S)-4-[4'-hydroxy-2'-(trifluo-
romethoxy)[ 1,1'-biphenyl]-4-yl1]-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-
yl}acetate (Example Compound 75-1)

O~

To a solution of Example compound 74-2 (205 mg) in 25
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was F F
allowed to naturally warm to room temperature and stirred
for 2 hr. The reaction solution was diluted with ethyl acetate, \~/
the solvent was evaporated under reduced pressure, and the 30
residue was further concentrated azeotropically with tolu-
ene. This operation was performed two times to give the title
compound (321 mg) as a crudely purified orange viscous
compound.

MS (ESI) m/z: 561.4 [M+H]* =

(74-4) methyl [(6S)-4-{4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]-2'-
methoxy[1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H- O~
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 74)

40

O

To a solution of Example compound 74-3 (315 mg), ¢s To a solution of Reference Example compound 2 (300
Reference Example compound 5 (160 mg) in N,N-dimeth- mg) in tetrahydrofuran (6.1 mL) were added 4-bromo-3-
ylformamide (3.3 mL) was added N,N-diisopropylethylam- trifluoromethoxyphenol (172 mg), palladium acetate (14
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mg), S-phos (50 mg), potassium fluoride (106 mg) and water
(0.040 mL) and the mixture was stirred at 70° C. for 7 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the
filtrate and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=98:2-93:7) to give the title com-
pound (309 mg) as a pale-yellow powder. MS (ESI) m/z:
557.3 [M+H]*, 555.4 [M-H]~

(75-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-
2'-(trifluoromethoxy)[1,1'-biphenyl]-4-y1]-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl}acetate (Example Compound 75-2)

K

O

To a solution of Example compound 75-1 (305 mg) in
N,N-dimethylformamide (5.5 mL) was added cesium car-
bonate (357 mg) and the mixture was stirred for about 10
min. t-Butyl bromoacetate (139 mg) was added, and the
mixture was stirred at 60° C. for 4 hr. To the reaction
solution were added saturated aqueous ammonium chloride
solution and water and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was purified
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by silica gel column chromatography (chloroform:metha-
nol=98:2-93:7) to give the title compound (215 mg) as a
yellow powder. MS (ESI) m/z: 671.5 [M+H]*

(75-3) ({4'-[(68)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]-2-(trifluoromethoxy)[1,1'-biphenyl]-
4-yl}oxy)acetic acid trifluoroacetate (Example
Compound 75-3)

N \ F} ;OH
Y |
F
N ~ N)\i(o F O
O—

To a solution of Example compound 75-2 (210 mg) in
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 2 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed two times to give the title
compound (337 mg) as a crudely purified orange viscous
compound.

MS (ESI) m/z: 615.4 [M+H]*

(75-4) methyl [(6S)-4-{4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]-2'-
(triftuoromethoxy)[1,1'-biphenyl]-4-y1}-2,39-
trimethyl-6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 75)
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To a solution of Example compound 75-3 (330 mg),
Reference Example compound 5 (151 mg) in N,N-dimeth-
ylformamide (3.1 mL) was added N,N-diisopropylethylam-
ine (0.325 mL), and HATU (357 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 5 hr. Water was added to
the reaction solution and the mixture was extracted with
ethyl acetate. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=97:3-88:12) and further purified by silica
gel column chromatography (chloroform:methanol=100:0-
97:3). The obtained solid was suspension washed with
diethy! ether, collected by filtration and dried under reduced
pressure to give the title compound (19 mg) as a white solid.

MS (ESI) m/z: 1041.7 [M+H]*

Example 76

(76-1) methyl {(6S)-4-[4'-hydroxy-2'-(trifluorom-
ethyl)[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno
[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-6-
yl}tacetate (Example Compound 76-1)

O

To a solution of Reference Example compound 2 (300
mg) in tetrahydrofuran (6.1 mL) were added 4-bromo-3-
trifluoromethylphenol (162 mg), palladium acetate (14 mg),
S-phos (50 mg), potassium fluoride (106 mg) and water
(0.040 mL) and the mixture was stirred at 70° C. for 7 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the
filtrate and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=98:2-93:7) to give the title com-
pound (279 mg) as a pale-yellow solid. MS (ESI) m/z: 541.3
[M+H]*
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(76-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-
2'-(trifluoromethyl)[1,1'-biphenyl]-4-y1]-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]diaz-
epin-6-yl}acetate (Example Compound 76-2)

O

To a solution of Example compound 76-1 (275 mg) in
N,N-dimethylformamide (5.1 mL) was added cesium car-
bonate (332 mg) and the mixture was stirred for 10 min.
t-Butyl bromoacetate (129 mg) was added, and the mixture
was stirred at 60° C. for 4 hr. To the reaction solution were
added saturated aqueous ammonium chloride solution and
water and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated brine and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=98:2-
93:7) to give the title compound (272 mg) as a yellow
powder. MS (ESI) m/z: 655.5 [M+H]*

(76-3) ({4'-[(68)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]-2-(triftuoromethyl)[ 1,1'-biphenyl]-4-

yl}oxy)acetic acid trifluoroacetate (Example
Compound 76-3)

O~

To a solution of Example compound 76-2 (268 mg) in
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 2 hr. The reaction solution was diluted with ethyl acetate,
and the solvent was evaporated under reduced pressure. The
residue was further concentrated azeotropically with toluene
and this operation was performed two times to give the title
compound (404 mg) as a crudely purified orange viscous
compound.

MS (ESI) m/z: 599.4 [M+H]"
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(76-4) methyl [(6S)-4-{4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]-2'-
(trifluoromethyl)[1,1'-biphenyl]-4-y1}-2,3,9-
trimethyl-6H-thieno[3,2-f] [1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 76)

O~

To a solution of Example compound 76-3 (400 mg),
Reference Example compound 5 (197 mg) in N,N-dimeth-
ylformamide (4.1 mL) was added N,N-diisopropylethylam-
ine (0.425 mL), and HATU (467 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 5 hr. Water was added to
the reaction solution and the mixture was extracted with
ethyl acetate. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=97:3-88:12) and further purified by silica
gel column chromatography (chloroform:methanol=100:0-
97:3). The obtained solid was suspension washed with
diethy! ether, collected by filtration and dried under reduced
pressure to give the title compound (219 mg) as a white
solid.

MS (ESI) m/z: 1025.8 [M+H]*

Example 77

(77-1) methyl [(6S)-4-(2'-cyano-4'-hydroxy[1,1'-
biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate (Ex-
ample Compound 77-1)
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To a solution of Reference Example compound 2 (300
mg) in tetrahydrofuran (6.1 mL) were added 2-bromo-5-
hydroxybenzonitrile (133 mg), palladium acetate (14 mg),
S-phos (50 mg), potassium fluoride (106 mg) and water
(0.040 mL) and the mixture was stirred at 70° C. for 7 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the

OH

’ aﬁl\g\%\N
-

filtrate and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=98:2-93:7) to give the title com-
pound (250 mg) as a pale-yellow powder. MS (ESI) m/z:
498.3 [M+H]*

(77-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoethoxy)-
2'-cyano| 1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-

yl}acetate (Example Compound 77-2)

O

To a solution of Example compound 77-1 (245 mg) in
N,N-dimethylformamide (4.9 mL) was added cesium car-
bonate (321 mg) and the mixture was stirred for 10 min.
t-Butyl bromoacetate (125 mg) was added, and the mixture
was stirred at 60° C. for 4 hr. To the reaction solution were
added saturated aqueous ammonium chloride solution and
water and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated brine and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was purified by silica
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gel column chromatography (chloroform:methanol=98:2-
93:7) to give the title compound (273 mg) as a yellow
powder. MS (ESI) m/z: 612.5 [M+H]*

(77-3) ({2-cyano-4'-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-
yl}oxy)acetic acid trifluoroacetate (Example
Compound 77-3)
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To a solution of Example compound 77-2 (268 mg) in
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 2 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed two times to give the title
compound (407 mg) as a crudely purified orange viscous
compound. MS (ESI) m/z: 556.4 [M+H]*

(77-4) methyl [(6S)-4-{2'-cyano-4'-[2-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy][ 1,
1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[ 3,2-f]
[1,2,4]triazolo[4,3-a][1,4]|diazepin-6-yl]acetate
(Example Compound 77)

50
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To a solution of Example compound 77-3 (400 mg),
Reference Example compound 5 (211 mg) in N,N-dimeth-
ylformamide (4.4 mL) was added N,N-diisopropylethylam-
ine (0.455 mL), and HATU (500 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 5 hr. Water was added to
the reaction solution and the mixture was extracted with
chloroform. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=95:5-85:15) and further purified by silica
gel column chromatography (chloroform:methanol=100:0-
97:3). The obtained solid was suspension washed with
diethyl ether, collected by filtration and dried under reduced
pressure to give the title compound (216 mg) as a white
solid.

MS (ESI) m/z: 982.7 [M+H]"
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Example 78 and Example 79

(78-1), (79-1) methyl [(6S)-4-(4'-{[(2S)-1-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-

y1]-3,3-dimethyl-1-oxobutan-2-y1}amino)-1-

oxopropan-2-ylJoxy}[1,1'-biphenyl]-4-y1)-2,3,9-

trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a] [1,4]

diazepin-6-yl]acetate and methyl [(6S)-4-(4'-{[(2R)-
1-({(28)-1-[(28,4R)-4-hydroxy-2-({(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}carbamoyl)

260
Example 80

(80-1) 1,2,3 4-tetrahydroisoquinolin-7-ol
hydrochloride (Example Compound 80-1)

10

pyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2- HO NH
yl}amino)-1-oxopropan-2-yljoxy }[1,1'-biphenyl]-4-
y1)-2,3,9-trimethyl-6H-thieno[3,2-1] [1,2,4]triazolo HCl
[4,3-a][1,4]diazepin-6-yl]acetate (Example 15
Compound 78 and Example compound 79)
O
RS o N o~
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Example compound 50 (300 mg) was purified by pre-
parative HPLC (10 mM aqueous ammonium carbonate
solution-acetonitrile) to give both the title compounds (com-
pound having shorter retention time, 128 mg (MS (ESI) m/z:
971.5 [M+H]*, Example compound 78) and compound
having longer retention time, 132 mg (MS (ESI) m/z: 971.5
[M+H]*, Example compound 79)) as pale-yellow solids.

To a solution of 7-hydroxy-2-N-(t-butoxycarbonyl)-3,4-

dihydroisoquinoline (1 g) in t-butanol (27 mL) was added 4

M hydrogen chloride/ethyl acetate solution (30 mL.) and the

mixture was stirred for 2 hr. The reaction mixture was

65 concentrated under reduced pressure to give the title com-

pound (665 mg) as a white solid. MS (ESI) m/z: 150.0
[M+H]*
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(80-2) t-butyl [(1,2,3,4-tetrahydroisoquinolin-7-yl)
oxylacetate (Example Compound 80-2)

O NH
YT
(6]

To a solution of Example compound 80-1 (665 mg) in
N,N-dimethylformamide (36 ml.) were added potassium
carbonate (990 mg), t-butyl bromoacetate (0.591 ml.) and
the mixture was stirred at 40° C. for 2 hr. Water was added
to the reaction mixture and the mixture was stirred and the
precipitate was collected by filtration to give the title com-

pound (841 mg) as a white solid. MS (ESI) m/z: 264.1
[M+H]*

(80-3) methyl [(6S)-4-{4-[7-(2-t-butoxy-2-oxoeth-
oxy)-3,4-dihydroisoquinolin-2(1H)-yl]phenyl}-2,3,
9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,
4]diazepin-6-yl]acetate (Example Compound 80-3)

S %I/O/OQ\O/TOK
T

SN fo)
O~

Under an argon stream, Reference Example compound 1
(500 mg), Example compound 80-2 (381 mg), tris(diben-
zylideneacetone)dipalladium(0) (55 mg), t-BuXphos (51
mg) and potassium phosphate (767 mg) were stirred in
1,2-dimethoxyethane (8 mL) solvent at 80° C. for 3 hr. Water

10

15

20

25

30

35

40

45

262

was added to the reaction mixture and the mixture was
stirred and extracted twice with ethyl acetate. Using ethyl
acetate, the extract was filtered through celite. The filtrate
was concentrated under reduced pressure, and the residue
was purified by NH silica gel column chromatography (ethyl
acetatechexane=30:70-75:25) to give the title compound
(841 mg) as an orange viscous compound. MS (ESI) m/z:
642.3 [M+H]*

(80-4) [(2-{4-[(6S)-6-(2-methoxy-2-0x0ethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]phenyl}-1,2,3 4-tetrahydroisoquinolin-
7-yloxylacetic acid trifluoroacetate (Example
Compound 80-4)

hp W, .

H
N\N o

F

O~

To a solution of Example compound 80-3 (619 mg) in
chloroform (4 ml.) was added trifluoroacetic acid (2 mL)
and the mixture was stirred at room temperature for 24 hr.
The reaction mixture was concentrated under reduced pres-
sure, and azeotropically distilled 3 times with toluene to give
the title compound (1.10 g) as a yellow viscous compound.

MS (ESI) m/z: 586.6 [M+H]*

(80-5) methyl [(6S)-4-(4-{7-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]-3,4-
dihydroisoquinolin-2(1H)-yl}pheny1)-2,3,9-

trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a] [1,4]

diazepin-6-yl]acetate (Example Compound 80)

OH



US 11,542,273 B2

263

Example compound 80-4 (210 mg) was dissolved in
N,N-dimethylformamide (5 mL), and Reference Example
compound 5 (173 mg), N,N-diisopropylethylamine (0.519
ml) and HATU (171 mg) m were added and the mixture was
stirred at room temperature for 1 hr. Water was added to the
reaction mixture and the mixture was stirred. The precipitate
was collected by filtration. The solid was purified by silica
gel column chromatography (methanol:ethyl acetate=0:100-

==
=

5:95) to give the title compound (85 mg) as a yellow powder.
MS (ESI) m/z: 1012.3 [M+H]*

Example 81

(81-1) t-butyl 1-{4-[(6S)-6-(2-methoxy-2-0x0ethyl)-

2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-

a][1,4]diazepin-4-yl]phenyl}pyrrolidine-3-carboxy-
late (Example Compound 81-1)

=
=

O\

3-(t-Butoxycarbonyl)pyrrolidine (2.1 g), Reference
Example compound 1 (5.0 g), tris(dibenzylideneacetone)
dipalladium(0) (552 mg), t-BuXphos (512 mg) and potas-
sium phosphate (7.67 g) were heated under reflux in tetra-
hydrofuran (40 mL) solvent for 6 hr. Tris
(dibenzylideneacetone)dipalladium(0) (110 mg) and
t-BuXphos (102 mg) were added, and the mixture was
further stirred with heating under reflux for 18 hr. Using
chloroform, the reaction mixture was filtered through celite,
and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (methanol:chloroform=2:98-7:93) twice to give the

264
title compound (4.86 g) as an orange solid. MS (ESI) m/z:
550.3 [M+H]*
(81-2) methyl [(6S)-4-{4-[3-({(2S9)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
5 phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl } carbamoyl)pyrrolidin-1-y1]
phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 81)

0
Q_(
HN s
N
0
0
N
H

N

SN

By reaction and treatment in the same manner as in
Example 80 (80-4)-(80-5) and using Example compound
81-1 instead of Example compound 80-3, the title compound
was obtained as a yellow powder. MS (ESI) m/z: 920.3
[M+H]*

Example 82

(82-1) benzyl 4-(3-t-butoxy-3-oxypropyl)piperazine-
1-carboxylate (Example Compound 82-1)

40

(\NJI\O

0
(6]

By reaction and treatment in the same manner as in

Example 64 (64-1) and using 1-(benzyloxycarbonyl)-pip-

erazine instead of 4-bromopyrazole, the title compound was

obtained as a white solid. MS (ESI) m/z: 349.4 [M+H]*

(82-2) t-butyl 3-(piperazin-1-yl)propanoate (Ex-
ample Compound 82-2)

>(OI(\/N\)

65
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To a solution of Example compound 82-1 (2.6 g) in
ethanol (15 mL), methanol (20 mL) was added 10% palla-
dium carbon (500 mg) and, after hydrogen substitution, the
mixture was stirred at room temperature for 5 hr. Using
methanol, the reaction mixture was filtered through celite 5
and the filtrate was concentrated under reduced pressure to
give the title compound (2.1 g) as an orange oil. MS (ESI)
m/z: 215.1 [M+H]*

(82-3) methyl [(6S)-4-(4-{4-[3-({(2S9)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-3-oxopropyl]
piperazin-1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 82)

10
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Under an argon stream, to a solution of trans-t-butyl
3-hydroxycyclobutylcarbamate (2 g) and triethylamine (2.2
mL) in dichloromethane (54 ml.) was added methanesulfo-
nyl chloride (1 mL) at =30° C. and the mixture was stirred
for 30 min. Water was added to the reaction mixture, and the
mixture was extracted twice with chloroform. The organic
layer was dried over sodium sulfate, filtered and concen-
trated under reduced pressure. The residue was purified by
silica gel column chromatography (ethyl acetate:hexane=33:
67-50:50) to give the title compound (2820 mg) as a white
solid. 'H NMR (400 MHz, CDCL,) dppm 1.44 (9H, s), 2.43
(2H, ddd, J=6.3, 6.3, 12.7 Hz), 2.62-2.73 (2H, m), 2.99 (3H,
s), 4.18-4.33 (1H, m), 4.56-4.79 (1H, m), 5.12-5.21 (1H, m)

OH

!

N\N/>\<\(O

O~

By reaction and treatment in the same manner as in
Example 80 (80-3)-(80-5) and using Example compound
82-2 instead of Example compound 80-2, the title compound 4

was obtained as a yellow powder. MS (ESI) m/z: 963.3
[M+H]*

45
Example 83
(83-1) trans-3-[(t-butoxycarbonyl)amino]cyclobutyl
methanesulfonate (Example Compound 83-1)
55
O
O~ 60
~ S
pu ¢
(6] (6]
0 65

(83-2) methyl 5-({cis-3-[(t-butoxycarbonyl)amino]
cyclobutyl}oxy)-1-benzofuran-2-carboxylate (Ex-
ample Compound 83-2)

L
AT

To a solution of Example compound 25-2 (500 mg) and
Example compound 83-1 (1382 mg) in N,N-dimethylfor-
mamide (13 mL) was added cesium carbonate (2544 mg)
and the mixture was stirred at 70° C. for 3 hr. Water was
added to the reaction mixture and the mixture was stirred
and extracted twice with ethyl acetate. The organic layers
were collected, washed withed 3 times with saturated brine,
and the organic layer was dried over sodium sulfate and
filtered. The filtrate was concentrated under reduced pres-
sure, and the residue was purified by silica gel column
chromatography (ethyl acetate:chloroform=2:98) to give the
title compound (306 mg) as a pale-yellow solid. MS (ESI)
m/z: 262.2 [M-Boc+2H]*
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(83-3) 5-({cis-3-[(t-butoxycarbonyl)amino]
cyclobutyl }oxy)-1-benzofuran-2-carboxylic acid
(Example Compound 83-3)

> N,

To a solution of Example compound 83-2 (300 mg) in
tetrahydrofuran (4 mL), methanol (1 mL) and water (1 mL)
was added lithium hydroxide monohydrate (140 mg) and the
mixture was stirred at room temperature for 30 min. To the
reaction mixture was added ethyl acetate, and the mixture
was washed with 5% aqueous potassium hydrogensulfate
solution and saturated brine. The aqueous layer was
extracted with ethyl acetate. The organic layers were col-
lected and dried over sodium sulfate, filtered and concen-
trated under reduced pressure to give the title compound

(288 mg) as a white solid.
MS (ESI) m/z: 348.3 [M+H]*

(83-4) t-butyl [cis-3-{[2-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-
1-oxobutan-2-yl}carbamoyl)-1-benzofuran-5-yl]
oxy feyclobutyl|carbamate (Example Compound
83-4)
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By reaction and treatment in the same manner as in
Example 97 (97-2) and using Example compound 83-3
instead of Example compound 97-1, the title compound was
obtained as a white powder. MS (ESI) m/z: 774.6 [M+H]*

(83-5) (28,4R)-1-{(28)-2-[(5-{[cis-3-aminocy-
clobutyl]oxy}-1-benzofuran-2-carbonyl)amino]-3,3-
dimethylbutanoyl}-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide hydrochloride (Example Compound

83-5)
O H
ST
HN O 0

O N anOH

HCl

S (6]
I

NH

To a solution of Example compound 83-4 (630 mg) in
1,4-diaoxane (6.3 mL) was added 4 M hydrogen chloride/
dioxane solution (6.3 mL) and the mixture was stirred for 14
hr. To the reaction mixture was added methanol and the
mixture was concentrated under reduced pressure. The resi-
due was suspension washed with diethyl ether and collected
by filtration to give the title compound (488 mg) as a
pale-yellow solid. MS (ESI) m/z: 674.6 [M+H]*

(83-6) methyl {(6S)-4-[4-(3-{[cis-3-{[2-({(2S)-1-
[(2S,4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl}carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-yl}carbamoyl)-1-
benzofuran-5-yljoxy }cyclobutyl]
carbamoyl }pyrrolidin-1-yl)phenyl]-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl}acetate (Example Compound 83)

OH
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By reaction and treatment in the same manner as in
Example 80 (80-4)-(80-5) and using Example compound
81-1 instead of Example compound 80-3 and Reference
Example compound 83-5 instead of Example compound 5,
the title compound was obtained as a yellow solid. MS (ESI)
m/z: 1149.3 [M+H]"

Example 84

(84-1) methyl [(6S)-4-(4'-{[cis-3-{[2-({(2S9)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}carbamoyl)-1-
benzofuran-5-yl]oxy }cyclobutyl]carbamoyl}[1,1'-
biphenyl]-4-y1)-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate (Example
Compound 84)

O~

By reaction and treatment in the same manner as in
Example 43 (43-1) and using Reference Example compound
83-5 instead of Reference Example compound 5, the title
compound was obtained as a white powder. MS (ESI) m/z:
1156.3 [M+H]*

Example 85

(85-1) methyl [(6S)-4-{4-[(3S)-3-({(2S)-1-[(2S,4R)-
4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-yl]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)pyrrolidin-1-yl]
phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate, or methyl
[(6S)-4-{4-[(BR)-3-({(2S)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-y1}carbamoyl)pyrrolidin-1-yl|phenyl}-2,
3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a]
[1,4]diazepin-6-yl]acetate (Example Compound 85)
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Example compound 81 (176 mg) was passed through a
chiral column [CHIRALPAK ID (30%*250), ethanol:acetoni- 55
trile:diethylamine=85:15:0.1, flow 20 mL/min, recycle
once] to find peaks at retention time 28 min and 37 min. Of
these, compounds having a peak at retention time 37 min
were collected and concentrated to give the title compound 3°
(74 mg) as a pale-yellow powder. MS (ESI) m/z: 920.3
[M+H]*

Example 86 and Example 87 35

(86-1) and (87-1) methyl [(6S)-4-{4-[(3R)-3-{[cis-
3-{[2-({(28)-1-[(28.4R)-4-hydroxy-2-({(1S)-1-[4-
(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl } carbamoyl)
pyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2-
yl}carbamoyl)-1-benzofuran-5-yljoxy }cyclobutyl]
carbamoyl}pyrrolidin-1-yl]phenyl }-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yllacetate and methyl [(6S)-4-{4-[(3S)-3-{[cis-3-
{[2-({(29)-1-[(2S.4R )-4-hydroxy-2-({(1S)-1-[4-(4-

methyl-1,3-thiazol-5-yl)phenyl]ethyl}carbamoyl) 45
pyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2-
yl}carbamoyl)-1-benzofuran-5-ylJoxy }cyclobutyl]
carbamoyl}pyrrolidin-1-yl]phenyl }-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl]acetate
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Example compound 83 (66 mg) was separated by chiral
column [CHIRALPAK IF (30*250), ethanol:methanol:tet-
rahydrofuran:butylamine=30:40:30:0.1] to give both the
title compounds (compound having shorter retention time,
23 mg (MS (ESI) m/z: 1149.3 [M+H]*, Example compound
86) and compound having longer retention time, 23 mg (MS
(ESD) m/z: 1149.3 [M+H]*, Example compound 87)) as
yellow solids.

Example 88

(88-1) t-butyl 4-{4-[(6S)-6-(2-methoxy-2-0xoethyl)-

2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-

a|[1,4]diazepin-4-yl]phenyl }-3,6-dihydropyridine-1
(2H)-carboxylate (Example Compound 88-1)

ALk

O

Under an argon stream, Reference Example compound 1
(500 mg), N-(t-butoxycarbonyl)-1,2,3,6-tetrahydropyridine-
4-boronic acid pinacol ester (447 mg), palladium acetate
(7.1 mg), S-phos (99 mg), potassium fluoride (210 mg) and
water (78 pL) were heated under reflux in tetrahydrofuran (5
ml) solvent for 7 hr. Using ethyl acetate, the reaction
mixture was filtered through diatomaceous earth, and the
filtrate was concentrated under reduced pressure. The resi-
due was purified by NH silica gel column chromatography
(ethyl acetate:hexane=30:70-80:20) to give the title com-
pound (680 mg) as a pale-yellow solid.

MS (ESI) m/z: 562.5 [M+H]*
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(88-2) t-butyl 3-[4-{4-[(6S)-6-(2-methoxy-2-0xo0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-][1,2,4 ]tri-
azolo[4,3-a][1,4]diazepin-4-yl]phenyl}-3,6-dihydro-
pyridin-1(2H)-yl]propanoate (Example Compound
88-2)

[0986]

To a solution of Example compound 88-1 (330 mg) in
chloroform (1 ml) was added trifluoroacetic acid (1 mL)
and the mixture was stirred at room temperature for 5 hr. The
reaction mixture was concentrated under reduced pressure,
and azeotropically distilled 2 times with toluene. To a
solution of the residue in acetonitrile (5 mL) were added
potassium carbonate (244 mg), t-butyl acrylate (0.129 mL)
and the mixture was stirred at room temperature for 16 hr
and at 50° C. for 8 hr. Using ethyl acetate, the reaction
mixture was filtered, and the filtrate was concentrated under
reduced pressure. The residue was purified by NH silica gel
column chromatography (ethyl acetate:hexane=0:100-10:
90) to give the title compound (226 mg) as a pale-yellow
solid. MS (ESI) nv/z: 590.4 [M+H]*
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(88-3) methyl [(6S)-4-(4-{1-[3-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-3-oxopropyl]-1,2,3,6-
tetrahydropyridin-4-y1}phenyl)-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 88)

O~

To a solution of Example compound 88-2 (226 mg) in
chloroform (1 ml) was added trifluoroacetic acid (1 mL)
and the mixture was stirred at room temperature for 4 hr. The
reaction mixture was concentrated under reduced pressure
and azeotropically distilled 2 times with toluene. The residue
was dissolved in N,N-dimethylformamide (5 mL), and Ref-
erence Example compound 5 (222 mg), N,N-diisopropyl-
ethylamine (0.332 mL), HATU (175 mg) were added and the
mixture was stirred at room temperature for 3 hr. To the
reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was stirred and
extracted twice with ethyl acetate. The organic layer was
washed twice with saturated brine and concentrated under
reduced pressure. The residue was purified by silica gel
column chromatography (methanol:chloroform=0:100-7:
93) and NH silica gel column chromatography (methanol:
chloroform=0:100-2:98) to give the title compound (182
mg) as a white solid.

MS (ESI) m/z: 960.9 [M+H]*

Example 89

(89-1) t-butyl 3-fluoro-4'-[(6S)-6-(2-methoxy-2-
oxoethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a] [1,4]|diazepin-4-y1][1,1'-biphenyl]-4-
carboxylate (Example Compound 89-1)
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To a solution of Reference Example compound 2 (526
mg) in tetrahydrofuran (10.7 mL) were added t-butyl
4-bromo-2-fluorobenzoate (323 mg), palladium acetate (24
mg), S-phos (88 mg), potassium fluoride (186 mg) and water
(0.069 mL) and the mixture was stirred at 70° C. for 15 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the

OH

-

filtrate and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=100:0-97:3) to give the title com-
pound (489 mg) as a yellow powder.

MS (ESI) m/z: 575.4 [M+H]*

(89-2) 3-fluoro-4'-[(6S)-6-(2-methoxy-2-oxoethyl)-
2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-
a][1,4]diazepin-4-yl][1,1'-biphenyl]-4-carboxylic
acid (Example Compound 89-2)

O~

To a solution of Example compound 89-1 (485 mg) in
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 2 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed two times. To the
obtained residue were added ethyl acetate, saturated aqueous
sodium hydrogen carbonate for partitioning, and the aque-
ous layer was acidified with 1IN hydrochloric acid and
extracted 3 times with ethyl acetate. The organic layer was
concentrated under reduced pressure and dried to give the
title compound (361 mg) as a yellow crudely purified
powder. MS (ESI) m/z: 519.4 [M+H]*
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(89-3) methyl [(6S)-4-{3'-fluoro-4"-[(2-{[2-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}carbamoyl)-1-
benzofuran-5-ylJoxy }ethyl)carbamoyl][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 89)

O

To a solution of Example compound 25-5 70 mg) in
dichloromethane (1.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (1.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 2 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed two times. To a solution
of the obtained residue (155 mg) and Example compound
89-2 (49 mg) in N,N-dimethylformamide (0.936 ml.) was
added N,N-diisopropylethylamine (0.097 mL), and HATU
(107 mg) was added under ice-cooling, and the mixture was
allowed to naturally warm to room temperature and stirred
for 5 hr. Water was added to the reaction solution and the
mixture was extracted with ethyl acetate. The organic layer
was washed with water, saturated aqueous sodium hydrogen
carbonate and saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was purified by silica gel column
chromatography (chloroform:methanol=100:0-97:3). The
obtained solid was suspension washed with diethyl ether,
collected by filtration and dried under reduced pressure to
give the title compound (42 mg) as a white solid.

MS (ESI) m/z: 1146.5 [M-H]*

Example 90

(90-1) 4'-[(68)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl][1,1'-biphenyl]|-4-carboxylic acid (Ex-

ample Compound 90-1)
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To a solution of Reference Example compound 11 (6.55
g) in dichloromethane (32.8 ml.) was added dropwise under
ice-cooling trifluoroacetic acid (19.7 mL), and the mixture
was allowed to naturally warm to room temperature and
stirred for 4 hr. The reaction solution was diluted with
chloroform, and the solvent was evaporated under reduced
pressure. To the obtained residue was added ethyl acetate
and, under ice-cooling, saturated aqueous sodium hydrogen

=

carbonate was added until foaming ceased to perform par-
titioning. The aqueous layer was washed with ethyl acetate,
acidified with IN hydrochloric acid under ice-cooling and
extracted 3 times with chloroform. The organic layer was
washed with water and saturated brine, dried over anhydrous
sodium sulfate, concentrated under reduced pressure and
dried to give the title compound (5.11 g) as a yellow crudely
purified solid. MS (ESI) m/z: 501.3 [M+H]*

(90-2) t-butyl [2-({(2S)-1-[(28,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethyl|carbamate (Ex-
ample Compound 90-2)

vd@
Y O

To a solution of N-(t-butoxycarbonyl)-glycine (131 mg),
Reference Example compound 5 (300 mg) in N,N-dimeth-
ylformamide (6.2 mL) was added N,N-diisopropylethylam-
ine (0.647 mL), and HATU (711 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 14 hr. Water was added
to the reaction solution and the mixture was extracted with
ethyl acetate, and the extract was washed with water, satu-
rated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=98:2-93:7) to give the title compound (250 mg) as
a pale-yellow solid. MS (ESI) m/z: 646.5 [M+HCOO]~
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(90-3) methyl [(6S)-4-(4'-{[2-({(28)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethyl]
carbamoyl }[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 90)

=z
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To a solution of Example compound 90-2 (125 mg) in
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 3 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed two times. To a solution
of the obtained residue (216 mg) and Example compound
90-1 (104.0 mg) in N,N-dimethylformamide (2.1 mL) was
added N,N-diisopropylethylamine (0.216 mL), and HATU
(237 mg) was added under ice-cooling, and the mixture was
allowed to naturally warm to room temperature and stirred
for 18 hr. To the reaction solution were added saturated
aqueous sodium hydrogen carbonate and ethyl acetate and
the mixture was vigorously stirred at room temperature for
1 hr. After partitioning, the organic layer was washed with
water, saturated aqueous sodium hydrogen carbonate and
saturated brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=100:0-97:3-95:5-93:7). The obtained
solid was suspension washed with diethyl ether, collected by
filtration and dried under reduced pressure to give the title
compound (130 mg) as a white solid.

MS (ESI) m/z: 984.7 [M+H]*
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Example 91

(91-1) t-butyl [(2S)-1-({(2S)-1-[(2S,4R)-4-hydroxy-
2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-1-oxopropan-2-yl|carbamate
(Example Compound 91-1)

H

To a solution of N-(t-butoxycarbonyl)-alanine (142 mg),

i s
I

Reference Example compound 5 (300 mg) in N,N-dimeth-
ylformamide (6.2 mL) was added N,N-diisopropylethylam-
ine (0.647 mL), and HATU (711 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 14 hr. Water was added
to the reaction solution and the mixture was extracted with
ethyl acetate, and the extract was washed with water, satu-
rated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=98:2-93:7) to give the title compound (296 mg) as
a pale-yellow solid. MS (ESI) m/z: 660.6 [M+HCOO]~
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(91-2) methyl [(6S)-4-(4'-{[(2S)-1-({(289)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-

5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}amino)-1-oxopropan-2-
yl]carbamoyl}[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-
6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-

6-yl]acetate (Example Compound 91)

To a solution of Example compound 91-1 (145 mg) in
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 3 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed two times. To a solution
of the obtained residue (250 mg) and Example compound
90-1 (118 mg) in N,N-dimethylformamide (2.4 mL) was
added N,N-diisopropylethylamine (0.244 mlL.), and HATU
(269 mg) was added under ice-cooling, and the mixture was
allowed to naturally warm to room temperature and stirred
for 18 hr. To the reaction solution were added saturated
aqueous sodium hydrogen carbonate and ethyl acetate and
the mixture was vigorously stirred at room temperature for
1 hr. After partitioning, the organic layer was washed with
water, saturated aqueous sodium hydrogen carbonate and
saturated brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=98:2-93:7). The obtained solid was
suspension washed with diethyl ether, collected by filtration
and dried under reduced pressure to give the title compound
(165 mg) as a white solid.

MS (ESI) m/z: 998.7 [M+H]*
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Example 92

(92-1) t-butyl [(2R)-1-({(2S)-1-[(2S,4R)-4-hydroxy-
2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-1-oxopropan-2-yl|carbamate
(Example Compound 92-1)

N?
N
" O
-

S

To a solution of N-(t-butoxycarbonyl)-D-alanine (142
mg), Reference Example compound 5 (300 mg) in N,N-
dimethylformamide (6.2 ml) was added N,N-diisopropyl-
ethylamine (0.647 mL), and HATU (711 mg) was added
under ice-cooling, and the mixture was allowed to naturally
warm to room temperature and stirred for 14 hr. Water was
added to the reaction solution and the mixture was extracted
with ethyl acetate, and the extract was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=98:2-93:7) to give the title compound (326 mg) as
a pale-yellow solid. MS (ESI) m/z: 660.6 [M+HCOO]~
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(92-2) methyl [(6S)-4-(4'-{[(2R)-1-({(29)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-

5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}amino)-1-oxopropan-2-
yl]carbamoyl}[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-
6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-

6-yl]acetate (Example Compound 92)
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To a solution of Example compound 92-1 (160 mg) in
dichloromethane (2.0 mL) was added dropwise under ice-
cooling trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 3 hr. The reaction solution was diluted with ethyl acetate,
the solvent was evaporated under reduced pressure, and the
residue was further concentrated azeotropically with tolu-
ene. This operation was performed two times. To a solution
of the obtained residue (278 mg) and Example compound
90-1 (130 mg) in N,N-dimethylformamide (2.6 mL) was
added N,N-diisopropylethylamine (0.270 mL), and HATU
(296 mg) was added under ice-cooling, and the mixture was
allowed to naturally warm to room temperature and stirred
for 18 hr. To the reaction solution were added saturated
aqueous sodium hydrogen carbonate and ethyl acetate and
the mixture was vigorously stirred at room temperature for
1 hr. After partitioning, the organic layer was washed with
water, saturated aqueous sodium hydrogen carbonate and
saturated brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=98:2-93:7). The obtained solid was
suspension washed with diethyl ether, collected by filtration
and dried under reduced pressure to give the title compound
(187 mg) as a white solid.

MS (ESI) m/z: 996.5 [M-H]~

=z
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Example 93

(93-1) (65)-4-(4-iodophenyl)-2,3,6,9-tetramethyl-
6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepine
(Example Compound 93-1)

S
S

To a solution of Reference Example compound 4 (500
mg), trans-N,N'-dimethylcyclohexane-1,2-diamine (106
mg) in dioxane (2.4 mL) was added copper iodide (48 mg),
then sodium iodide (560 mg) was added and the mixture was
stirred at 110° C. overnight. To the reaction solution were
added ethyl acetate and water, and the mixture was filtered
using Kimwipes. Partitioning operation was performed to
separate the organic layer. The aqueous layer was extracted
with ethyl acetate. The organic layers were collected and
washed successively with water and saturated brine, and
dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (chloroform:metha-
nol=95:5-80:20), then NH silica gel column chromatogra-
phy (hexane:ethyl acetate=40:60-0:100) to give the ftitle
compound (422 mg) as a white solid.

MS (ESI) m/z: 449.0 [M+H]"
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(93-2) (3E)-4-{4-[(6S)-2,3,6,9-tetramethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-4-
yl]phenyl}-3-butenoic acid (Example Compound
93-2)

OH

To a solution of Example compound 93-1 (150 mg) in
tetrahydrofuran (1.1 mL) were added 3-butenoic acid (72
mg), palladium acetate (8.0 mg), tri(o-tolyl)phosphine (22
mg) and triethylamine (0.273 ml) and the mixture was
stirred at 70° C. for 66 hr. The reaction solution was diluted
with ethyl acetate, the solvent was evaporated under reduced
pressure, and the residue was further concentrated azeotro-
pically with toluene. This operation was performed two
times. To the obtained residue were added saturated aqueous
sodium hydrogen carbonate and ethyl acetate. After parti-
tioning, the aqueous layer was acidified with 1N hydrochlo-
ric acid and the mixture was extracted with chloroform. The
organic layer was dried over anhydrous sodium sulfate, and
the solvent was evaporated under reduced pressure and dried
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to give the title compound (184 mg) as a crudely purified
orange viscous compound.
MS (ESI) m/z: 407.2 [M+H]"

(93-3) 4-{4-[(6S)-2,3,6,9-tetramethyl-6H-thieno[3,2-
f] [1,2,4]triazolo[4,3-a][1,4]diazepin-4-y]]
phenyl}butanoic acid (Example Compound 93-3)

OH
S
S

To a solution of Example compound 93-2 (180 mg) in
methanol (4.4 ml) was added 10% palladium carbon (190
mg) and, after hydrogen substitution, the mixture was stirred
at room temperature for 30 min. The reaction solution was
filtered through diatomaceous earth using methanol, and the
filtrate was concentrated under reduced pressure and dried to
give the title compound (152 mg) as a brown crudely
purified viscous compound.

MS (ESI) m/z: 409.3 [M+H]*

(93-4) (28,4R)-1-[(25)-3,3-dimethyl-2-(4-{4-[(6S)-
2,3,6,9-tetramethyl-6H-thieno[3,2-f][1,2,4|triazolo
[4,3-a] [1,4]diazepin-4-yl]phenyl}butanamido)bu-
tanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }pyrrolidine-2-carboxamide
(Example Compound 93)

To a solution of Example compound 93-3 (150 mg) and
Reference Example compound 5 (194 mg) in N,N-dimeth-
ylformamide (3.7 mL) was added N,N-diisopropylethylam-
ine (0.286 mL), and HATU (209 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 66.5 hr. To the reaction
solution was added water and the mixture was extracted with
chloroform. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=95:5-85:15), then silica gel column chro-
matography (chloroform:methanol=99:1-95:5). The
obtained solid was suspension washed with diethyl ether,
collected by filtration and dried under reduced pressure to
give the title compound (42 mg) as a white solid. MS (ESI)
m/z: 835.6 [M+H]*
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Example 94

(94-1) t-butyl 3-fluoro-4'-[(6S)-6-(2-methoxy-2-
oxoethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a] [1,4]|diazepin-4-y1][1,1'-biphenyl]-4-
carboxylate (Example Compound 94-1)

S
S
11
N |
/ N
N\N/ .

Reference Example compound 2 (526 mg), t-butyl
4-bromo-2-fluoro-benzoate (323 mg) were dissolved in tet-
rahydrofuran (10.7 mL), palladium acetate (24 mg), S-phos
(87 mg), potassium fluoride (186 mg) and water (69 pl.)
were added and the mixture was stirred at 70° C. for 15 hr.
The insoluble material in the reaction mixture was filtered
off through diatomaceous earth, water was added to the
filtrate and the mixture was extracted 3 times with ethyl
acetate, and the extract was dried over anhydrous sodium
sulfate, and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel column
chromatography (chloroform:methanol=100:0-97:3) to give
the title compound (489 mg) as a yellow powder.

MS (ESI) m/z: 575.4 [M+H]*
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(94-2) 3-fluoro-4'-[(6S)-6-(2-methoxy-2-oxoethyl)-
2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-
a][1,4]diazepin-4-yl][1,1'-biphenyl]-4-carboxylic
acid (Example Compound 94-2)

S
S
1
N |
/ N
N\N/ o

Example compound 94-1 (120 mg) was dissolved in
dichloromethane (2.0 mL), trifluoroacetic acid (2.0 mL) was
added under ice-cooling and the mixture was stirred at room
temperature for 2 hr. To the reaction mixture was added ethyl
acetate and the solvent was evaporated under reduced pres-
sure. To the residue was added toluene and toluene was
evaporated under reduced pressure. This was repeated two
times. To the residue was added saturated aqueous sodium
hydrogen carbonate and the mixture was washed twice with
ethyl acetate. The aqueous layer was adjusted to less than
pH3.0 with 1N hydrochloric acid and extracted 3 times with
ethyl acetate. The organic layer was concentrated under
reduced pressure and dried to give the title compound (361
mg) as a yellow powder.

MS (ESI) m/z: 519.3 [M+H]*

(94-3) methyl {(6S)-4-[3'-fluoro-4'-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}carbamoyl)[1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno|3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 94)

OH

=z
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Example compound 94-2 (120 mg) was dissolved in

N,N-dimethylformamide (2.4 mL), and N,N-diisopropyleth-
ylamine (0.12 mL), Reference Example compound 5 (136

mg) and HATU (139 mg) were added under ice-cooling and 3

the mixture was stirred at room temperature for 3 hr. To the
reaction mixture was added ice water to quench the reaction,

ethyl acetate and saturated brine were added and the organic

10

layer was extracted. The aqueous layer was extracted again
two times with ethyl acetate, and the organic layers were

collected and washed twice with saturated brine:water=1:1

and washed with saturated brine. After drying over anhy- 15

drous sodium sulfate, the solvent was evaporated under
reduced pressure, and the residue was purified by NH silica

gel column chromatography (ethyl acetate:methanol=100:0-

85:15), silica gel column chromatography (ethyl acetate: 20

methanol=100:0-85:15) to give the title compound (129 mg)

as a white solid.

MS (ESI) m/z: 945.4 [M+H]* 25

Example 95

(95-1) (28,4R)-4-hydroxy-1-{(28)-2-[2-({4'-[(65)-6-

(2-{[2-(3-hydroxypropoxy)ethyl]amino }-2-0xo- 10

ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-
yl}oxy)acetamido]-3,3-dimethylbutanoyl } -N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 95)

X

OH

290

By reaction and treatment in the same manner as in
Example 13, (13-1)-(13-2) and using Example compound 15
instead of Example compound 9, and 3-(2-aminoethoxy)
propan-1-ol instead of 2-aminoethanol, the title compound
was obtained as a yellow solid. MS (ESI) m/z: 1044.5
[M+H]*

Example 96

(96-1) t-butyl 4-(4-bromo-1H-pyrazol-1-yl)butano-
ate (Example Compound 96-1)

4-Bromopyrazole (500 mg), t-butyl bromobutyrate (911
mg) and potassium carbonate (705 mg) were stirred in
N,N-dimethylformamide (5 mL) solvent at 50° C. for 7 hr.
Water was added to the reaction mixture and the mixture was
stirred and extracted twice with ethyl acetate. The organic
layer was washed twice with water, and concentrated under
reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:hexane=0:100-20:
80) to give the title compound (940 mg) as a white solid.

MS (ESI) m/z: 289.0, 291.0 [M+H]*
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201
(96-2) methyl [(68)-4-(4-{1-[4-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-4-oxobutyl]-1H-
pyrazol-4-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 96)

292

room temperature for 4 hr. The reaction mixture was con-
centrated under reduced pressure and azeotropically distilled
with toluene. The residue was dissolved in ethyl acetate, and
saturated aqueous sodium hydrogen carbonate was slowly
added to adjust to pH9. The organic layer was removed by
partitioning, and the aqueous layer was adjusted to pH4 with
IN hydrochloric acid. It was extracted two times with ethyl

=
; \
3
~ e NH
S
- ‘\_>7NH o ©O
N | o
/ N
N\N/ o

O~

By reaction and treatment in the same manner as in
Example 63 (63-2)-(63-3) and using Example compound
96-1 instead of Example compound 63-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 959.4 [M+H]"

Example 97

(97-1) (1-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]phenyl}piperidin-4-yl)acetic acid
hydrochloride (Example compound 97-1)

OH

HCl

O~

Under an argon stream, Reference Example compound 1
(400 mg), t-butyl 2-(4-piperidylacetate (231 mg), tris
(dibenzylideneacetone)dipalladium(0) (44 mg), t-BuXphos
(41 mg) and potassium phosphate (614 mg) were stirred in
1,2-dimethoxyethane (5 mL) solvent at 70° C. for 20 hr.
Using ethyl acetate, the reaction mixture was filtered
through diatomaceous earth, and the filtrate was concen-
trated under reduced pressure. The residue was purified by
silica gel column chromatography (methanol:chloroform=0:
100-5:95) to give a yellow viscous compound. The viscous
compound was dissolved in chloroform (1 mL), trifluoro-
acetic acid (1 mL) was added and the mixture was stirred at
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acetate and two times with chloroform, and the organic layer
was concentrated under reduced pressure to give the title
compound (376 mg) as an orange solid. MS (ESI) m/z: 522.2
[M+H]*

(97-2) methyl [(6S)-4-(4-{4-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-2-oxoethyl|piperidin-

1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 97)

= 0
\7/N |
|

QH
ey N HN.
O
=
S
\=N

Example compound 97-1 (376 mg) and Reference
Example compound 5 (389 mg), N,N-diisopropylethylamine
(0349 ml) and HATU (307 mg) were stirred in N,N-
dimethylformamide (5 mL) at room temperature for 6 hr. To
the reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was stirred and
extracted twice with ethyl acetate. The organic layer was
washed twice with water, and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (methanol:chloroform=0:100-5:95) to give
the title compound (205 mg) as a yellow solid.

MS (ESI) m/z: 948.9 [M+H]"
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Example 98

(98-1) benzyl 4-(2-t-butoxy-2-oxoethoxy)piperidine-
1-carboxylate (Example Compound 98-1)

K
o

O

Under an argon stream, a suspension of sodium hydride
(60%, 221 mg) in N,N-dimethylformamide (5 mL) was
cooled to 0° C., benzyl 4-hydroxy-1-piperidinecarboxylate
(1.18 g) was added and the mixture was stirred for 15 min.
Then t-butyl bromoacetate (0.883 ml.) was added and the
mixture was stirred for 3 hr while warming to room tem-
perature. Water was added to the reaction mixture and the
mixture was stirred and extracted twice with ethyl acetate.
The organic layer was washed twice with water and con-
centrated under reduced pressure. The residue was purified
by silica gel column chromatography (ethyl acetate:
hexane=0:100-30:70) to give the title compound (930 mg) as
a colorless viscous compound. MS (ESI) m/z: 350.2 [M+H]*

(98-2) t-butyl [(piperidin-4-yl)oxyJacetate (Example
Compound 98-2)

K

To a solution of Example compound 98-1 (930 mg) in
ethanol (5 mL) was added 10% palladium carbon (300 mg)
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and, after hydrogen substitution, the mixture was stirred at 43

room temperature for 7 hr. Using ethyl acetate, the reaction
mixture was filtered through celite, and the filtrate was

\N O

O~
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concentrated under reduced pressure to give the title com-
pound (569 mg) as a pale-yellow viscous compound.
MS (ESI) m/z: 216.3 [M+H]"

(98-3) methyl [(6S)-4-{4-[4-(2-t-butoxy-2-oxoeth-
oxy)piperidin-1-yl|phenyl}-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-
yl]acetate (Example Compound 98-3)

N

K
J

Under an argon stream, Reference Example compound 1
(400 mg), Example compound 98-2 (249 mg), tris(diben-
zylideneacetone)dipalladium(0) (44 mg), t-BuXphos (41
mg) and potassium phosphate (614 mg) were stirred in
1,2-dimethoxyethane (5 mL) solvent at 70° C. for 24 hr.
Compound 98-2 (249 mg), tris(dibenzylideneacetone)dipal-
ladium(0) (44 mg), t-BuXphos (41 mg) were added and the
mixture was stirred at 70° C. for 7 hr. Furthermore, tris
(dibenzylideneacetone)dipalladium(0) (44 mg), t-BuXphos
(41 mg) were added and the mixture was stirred at 70° C. for
15 hr. Using ethyl acetate, the reaction mixture was filtered
through diatomaceous earth, and the filtrate was concen-
trated under reduced pressure. The residue was purified by
silica gel column chromatography (methanol:chloroform=0:
100-4:96) to give the title compound (374 mg) as a yellow
solid.

MS (ESI) m/z: 594.3 [M+H]*

(98-4) methyl [(6S)-4-(4-{4-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]

piperidin-1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[ 3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate

(Example Compound 98)

OH

© o] gj\Q\(tN
J
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To a solution of Example compound 98-3 (374 mg) in
chloroform (1 ml) was added trifluoroacetic acid (1 mL)
and the mixture was stirred at room temperature for 4 hr. The
reaction mixture was concentrated under reduced pressure
and azeotropically distilled 2 times with toluene. The residue
was dissolved in N,N-dimethylformamide (5 mL), Refer-
ence Example compound 5 (364 mg), HATU (287 mg),
N,N-diisopropylethylamine (0.545 mL) were added and the
mixture was stirred at room temperature for 3 hr. To the
reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was stirred and
extracted twice with ethyl acetate. The organic layer was
washed twice with water, and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (methanol:chloroform=0:100-7:93) and
silica gel column chromatography (methanol:chloroform=8:
92) and then preparative HPL.C (10 mM aqueous ammonium
carbonate solution-acetonitrile) to give the title compound
(155 mg) as a pale-yellow solid. MS (ESI) m/z: 964.9
[M+H]*

Example 99

(99-1) t-butyl 3-methylpyrrolidine-1-carboxylato-
(28,4R)-1-[(2S)-2-acetamido-3,3-dimethylbutanoyl]-
4-hydroxy-N-{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenylethyl}pyrrolidine-2-carboxamide (Example
Compound 99-1)

QH
O}/ND}\X(?
N
0 N
7< o H b, gl\O\%\N
N1

To a solution of 2-(1-t-butoxycarbonylpyrrolidin-3-yl)
acetic acid (300 mg), N,N-dimethylformamide (6.5 mL),
N,N-diisopropylethylamine (0.679 ml) and Reference
Example compound 5 (630 mg) was added HATU (746 mg),
and the mixture was stirred at room temperature for 16 hr.
Under ice-cooling, water was added to the reaction mixture,
and the mixture was extracted with chloroform. The solvent

10

15

20

25

30

40

45

296

was evaporated under reduced pressure. The obtained resi-
due was diluted with ethyl acetate, washed with water, dried
over anhydrous sodium sulfate, filtered and the solvent was
evaporated under reduced pressure to give the title com-
pound (875 mg) as an unpurified yellow solid. MS (ESI)
m/z: 654.7 [M-H]~

(99-2) (28,4R)-1-{(2S)-3,3-dimethyl-2-[2-(pyrroli-
din-3-yl)acetamido |butanoyl}-4-hydroxy-N-{(1S)-1-
[4-(4-methyl-1,3-thiazol-5-y1l)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 99-2)

To a solution of Example compound 99-1 (875 mg) in
dichloromethane (8.8 ml) was added, under ice-cooling,
trifluoroacetic acid (4.4 mL), and the mixture was stirred at
room temperature for 2.5 hr. The reaction mixture was
concentrated, diluted with chloroform, and saturated aque-
ous sodium hydrogen carbonate was added under ice-cool-
ing. The chloroform layer was extracted, IN aqueous
sodium hydroxide solution was added to the aqueous layer,
and the mixture was extracted twice with chloroform-metha-
nol (10:1). The organic layers were combined, washed with
saturated brine, dried over anhydrous sodium sulfate and
filtered. The solvent was evaporated under reduced pressure.
The obtained residue was purified by preparative HPLC (10
mM aqueous ammonium carbonate solution-acetonitrile) to
give the title compound (410 mg) as a pale-yellow solid. MS
(ESD) m/z: 556.4 [M+H]*

(99-3) methyl [(6S)-4-(4-{3-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]
pyrrolidin-1-y1}phenyl)-2,3,9-trimethyl-6H-thieno|[3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 99)

LOH

N
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A mixture of Example compound 99-2 (165 mg), Refer-
ence Example compound 1 (123 mg), tris(dibenzylideneac-
etone)dipalladium(0) (14 mg), t-BuXphos (13 mg), potas-

sium phosphate (189 mg) and tetrahydrofuran (1.5 mL) was 5

stirred in a microwave reaction apparatus (Initiator, manu-
factured by Biotage) at 80° C. for 2 hr. Tris(dibenzylide-
neacetone)dipalladium(0) (14 mg), t-BuXphos (13 mg) were
added, and the mixture was stirred in an oil bath at 90° C.
for 5 hr, tris(dibenzylideneacetone)dipalladium(0) (14 mg),
t-BuXphos (13 mg) were added and the mixture was further
stirred for 5 hr. To the reaction mixture was added chloro-
form, the insoluble material in the reaction mixture was
filtered off through diatomaceous earth, and the filtrate was
concentrated under reduced pressure. The obtained residue
was purified by NH silica gel column chromatography (ethyl
acetate:methanol=100:0-93:7) to give the title compound
(46 mg) as an orange solid. MS (ESI) m/z: 934.5 [M+H]"

Example 100

(100-1) t-butyl [4-bromo-2-(trifluoromethyl)phe-
noxy |acetate (Example Compound 100-1)

Br

To a solution of 4-bromo-2-triffuoromethylphenol (600
mg) in N,N-dimethylformamide (10 mL) were added potas-
sium carbonate (688 mg) and t-butyl bromoacetate (0.411
ml) and the mixture was stirred at room temperature for 20
hr. Water was added to the reaction mixture and the mixture
was stirred and extracted twice with ethyl acetate. The
organic layers were collected and washed twice with water

and passed through Phase Separator using ethyl acetate. The
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filtrate was concentrated under reduced pressure to give the
title compound (923 mg) as a colorless oil. MS (ESI) m/z:
298.8, 300.8 [M-tBu+2H]"

(100-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoeth-
oxy)-3'-(triftuoromethyl)[ 1,1'-biphenyl]-4-y1]-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl}acetate (Example Compound 100-2)

Under an argon stream, Example compound 100-1 (232
mg), Reference Example compound 3 (300 mg), palladium
acetate (13 mg), S-phos (49 mg), potassium fluoride (103
mg) and water (38 pl.) were heated under reflux in tetrahy-
drofuran (3 mL) solvent for 7 hr. Using ethyl acetate, the
reaction mixture was filtered through diatomaceous earth,
and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (methanol:ethyl acetate=0:100-10:90) to give the title
compound (309 mg) as a white solid. MS (ESI) m/z: 655.2
[M+H]*

(100-3) methyl [(6S)-4-{4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]-3'-
(trifluoromethyl)[1,1'-biphenyl]-4-y1}-2,3,9-
trimethyl-6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 100)
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To a solution of Example compound 100-2 (309 mg) in
chloroform (4 mL.) was added trifuoroacetic acid (2 mL.) and
the mixture was stirred at room temperature for 16 hr. The
reaction mixture was concentrated under reduced pressure
and axeotropically distilled 2 times with toluene. The resi-
due was dissolved in N,N-dimethylformamide (5 mL). Ref-
erence Example compound 5 (251 mg), N,N-diisopropyl-
ethylamine (0.821 mL), HATU (198 mg) were added and the
mixture was stirred at room temperature for 2 hr. Water was
added to the reaction mixture and the mixture was stirred.
The precipitate was collected by filtration and the solid was
purified by silica gel column chromatography (methanol:
chloroform=0:100-3:97) to give the title compound (144
mg) as a white solid.

MS (ESI) m/z: 1025.3 [M+H]*

Example 101

(101-1) 5-bromo-N-{(2S)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-y1}-1,3-benzoxazole-2-carboxamide
(Example Compound 101-1)

QH
O b
[@] i [@]
N1

10
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(]
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To a suspension of methyl 5-bromobenzoxazole-2-car-
boxylate (300 mg) in 1,2-dimethoxyethane (5 ml) was
added 4 M aqueous lithium hydroxide solution (0.879 ml.)
and the mixture was stirred at room temperature for 2 hr. To
the reaction mixture were added 1N hydrochloric acid and
chloroform and the mixture was stirred. A small amount of
tetrahydrofuran was added and the mixture was stirred. The
aqueous layer was removed by Phase Separator and the
organic layer was concentrated under reduced pressure. The
residue was dissolved in N,N-dimethylformamide (5 mL),
and Reference Example compound 5 (564 mg), HATU (535
mg), N,N-diisopropylethylamine (0.608 ml) were added
and the mixture was stirred at room temperature. Water was
added to the reaction mixture and the mixture was stirred
and extracted twice with ethyl acetate. The organic layer was
washed twice with water and concentrated under reduced
pressure. The residue was purified by NH silica gel column
chromatography (methanol:chloroform=0:100-2:98) to give
the title compound (402 mg) as a white solid.

MS (ESI) m/z: 668.1, 670.1 [M+H]*

(101-2) methyl [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)-1,3-benzoxazol-
5-yl]phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 101)

0 0
‘ N HN SOH
N
s
0
N
H

N

NS

Under an argon stream, Reference Example compound 3
(200 mg), Example compound 101-1 (317 mg), palladium
acetate (8.9 mg), S-phos (32 mg), potassium fluoride (69
mg) and water (26 pl.) were heated under reflux in tetrahy-
drofuran (5 mL) solvent for 7 hr. Using ethyl acetate, the
reaction mixture was filtered through diatomaceous earth,
and the filtrate was concentrated under reduced pressure.
The residue was purified by NH silica gel column chroma-
tography (methanol:chloroform=0:100-2:98) and silica gel

column chromatography (methanol:chloroform=0:100-5:
95) to give the title compound (225 mg) as a white solid.
MS (ESI) m/z: 968.3 [M+H]"
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Example 102

(102-1) 1-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl|phenyl }-1H-pyrazole-4-carboxylic
acid hydrochloride (Example Compound 102-1)

}\I/ O
~ N}\{
OH

HCl

Reference Example compound 2 (400 mg), copper(l)
oxide (23 mg) and t-butyl pyrazole-4-carboxylate (164 mg)
were stirred in methanol (5 mL) solvent at room temperature
for 20 hr. The mixture was heated at 50° C. and stirred for
8 hr and then heated under reflux for 9 hr. Using ethyl
acetate, the reaction mixture was filtered through diatoma-
ceous earth, and the filtrate was concentrated under reduced
pressure. The residue was purified by NH silica gel column
chromatography (ethyl acetate:hexane=30:70-70:30) to give
a white solid. The obtained solid was dissolved in chloro-
form (1 mL), trifluoroacetic acid (1 mL) was added and the
mixture was stirred at room temperature for 5 hr. The
reaction mixture was concentrated under reduced pressure,
and azeotropically distilled 2 times with toluene. Saturated
aqueous sodium hydrogen carbonate was added to set to
pH9Y, and the mixture was washed twice with ethyl acetate.
The aqueous layer was set to pH4 with 1N hydrochloric acid
and extracted 3 times with chloroform. The organic layer
was concentrated under reduced pressure to give the title
compound (49 mg) as a white solid.

MS (ESI) m/z: 491.1 [M+H]*

(102-2) methyl [(6S)-4-{4-[4-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)-1H-pyrazol-1-yl]
phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 102)

SO

302

By reaction and treatment in the same manner as in
Example 97 (97-2) and using Example compound 102-1
instead of Example compound 97-1, the title compound was

3 obtained as a white solid. MS (ESI) m/z: 917.3 [M+H]*

Example 103
10
(103-1) 2-bromo-N-{(2S)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
s oxobutan-2-yl}pyridine-4-carboxamide (Example

Compound 103-1)

oH
N {
' N N
Br #
0 0
o R s
\_1

To a solution of 2-bromoisonicotinic acid (139 mg) and

20

25

30 Reference Example compound 5 (300 mg) in N,N-dimeth-

ylformamide (4.2 mL) was added N,N-diisopropylethylam-

ine (0.539 mL), and HATU (356 mg) was added under
55 ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 65 hr. Water was added
to the reaction solution and the mixture was extracted with
ethyl acetate, and the extract was washed with water, satu-
40 rated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
45 purified by silica gel column chromatography (chloroform:
methanol=98:2-93:7) to give the title compound (287 mg) as

a white solid. MS (ESI) m/z: 626.5, 628.5 [M-H]|~
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(103-2) methyl [(6S)-4-{4-[4-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl }carbamoyl)pyridin-2-yl]

phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4] 5
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example

Compound 103)

=z

To a solution of Example compound 103-1 (280 mg) and
Reference Example compound 3 (248 mg) in tetrahydro-
furan (4.454 mL) were added palladium acetate (10 mg), 25
S-phos (37 mg), potassium fluoride (78 mg) and water
(0.029 mL) and the mixture was stirred at 70° C. for 21 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the
filtrate and the mixture was extracted with ethyl acetate. The 30
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=98:2-93:7), and then by silica
gel column chromatography (chloroform:methanol=98:2-
93:7). The obtained solid was suspension washed with
diethy! ether, collected by filtration and dried under reduced
pressure to give the title compound (35 mg) as a white solid.

MS (ESI) m/z: 926.7 [M-H]~

35

Example 104 40

(104-1) 5-bromo-N-{(28)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-

oxobutan-2-yl}pyridine-3-carboxamide (Example 45
Compound 104-1)
oH
N 3
=
(A
Br # 50
(6] (6]
o X 7 N
\—1

To a solution of 5-bromonicotinic acid (231 mg) and 55
Reference Example compound 5 (500 mg) in N,N-dimeth-
ylformamide (6.9 mL) was added N,N-diisopropylethylam-
ine (0.899 mL), and HATU (593 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 6 hr. Water was added to
the reaction solution and the mixture was extracted with
chloroform, and the extract was washed with water, satu-
rated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform: 65
methanol=98:2-93:7) to give the title compound (520 mg) as
a white solid. MS (ESI) m/z: 6264, 628.4 [M-H]|~

60
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(104-2) methyl [(6S)-4-{4-[5-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl }carbamoyl)pyridin-3-yl]

phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4] 5
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example

Compound 104)

Tz

=z

O

To a solution of Example compound 104-1 (515 mg) and
Reference Example compound 3 (456 mg) in tetrahydro-
furan (8.2 mL) were added palladium acetate (18 mg),
S-phos (67 mg), potassium fluoride (143 mg) and water
(0.053 mL) and the mixture was stirred at 70° C. for 64 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the
filtrate and the mixture was extracted with chloroform. The 30
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=98:2-93:7), and then by silica
gel column chromatography (chloroform:methanol=98:2-
93:7). The obtained solid was suspension washed with
diethy! ether, collected by filtration and dried under reduced
pressure to give the title compound (475 mg) as a white
solid. MS (ESI) ny/z: 928.5 [M+H]*

25

35

Example 105 40

(105-1) 4-bromo-N-{(2S)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-

oxobutan-2-yl}pyridine-4-carboxamide (Example 45
Compound 105-1)
QH
NN {
Br A N N 50
(6] " (6]
o i 7 N
\—1

To a solution of 4-bromopicolinic acid (139 mg) and ss
Reference Example compound 5 (300 mg) in N,N-dimeth-
ylformamide (4.2 mL) was added N,N-diisopropylethylam-
ine (0.539 mL), and HATU (356 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 65 hr. Water was added
to the reaction solution and the mixture was extracted with
ethyl acetate, and the extract was washed with water, satu-
rated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform: 65
methanol=98:2-93:7) to give the title compound (338 mg) as
a white solid. MS (ESI) m/z: 626.4, 628.5 [M-H]|~
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(105-2) methyl [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl }carbamoyl)pyridin-4-yl]

phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4] 5
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example

Compound 105)

=z

o
Tz,

O~

To a solution of Example compound 105-1 (335 mg) and
Reference Example compound 3 (297 mg) in tetrahydro-
furan (5.3 mL) were added palladium acetate (12 mg), »s
S-phos (44 mg), potassium fluoride (93 mg) and water
(0.035 mL) and the mixture was stirred at 70° C. for 21 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the
filtrate, and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and 30
the solvent was evaporated under reduced pressure. The
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=98:2-93:7), and then by silica
gel column chromatography (chloroform:methanol=98:2-
93:7). The obtained solid was suspension washed with
diethy! ether, collected by filtration and dried under reduced
pressure to give the title compound (475 mg) as a white
solid.

MS (ESI) m/z: 465.1[(M+2H)/2]*

35

Example 106 40

(106-1) (2S,4R)-1-[(2S)-2-(3-bromo-4-fluoroben-
zamido)-3,3-dimethylbutanoyl]-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example 45
Compound 106-1)

F s
N N
Br 50
0 0
N v

To a solution of 3-bromo-4-fluorobenzoic acid (150 mg), ss
Reference Example compound 5 (300 mg) in N,N-dimeth-
ylformamide (4.2 mL) was added N,N-diisopropylethylam-
ine (0.539 mL), and HATU (356 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 65 hr. Water was added
to the reaction solution and the mixture was extracted with
ethyl acetate, and the extract was washed with water, satu-
rated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform: 65
methanol=98:2-93:7) to give the title compound (360 mg) as
a white solid. MS (ESI) m/z: 6454, 647.5 [M+H]*

60
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(106-2) methyl {(6S)-4-[2'-fluoro-5'-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-

5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-

dimethyl-1-oxobutan-2-yl}carbamoyl)[1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno|[3,2-f][ 1,2, 5
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 106)

O~

To a solution of Example compound 106-1 (355 mg) and
Reference Example compound 3 (306 mg) in tetrahydro-
furan (5.5 mL) were added palladium acetate (12 mg), »s
S-phos (45 mg), potassium fluoride (96 mg) and water
(0.036 mL) and the mixture was stirred at 70° C. for 21 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the
filtrate and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and 30
the solvent was evaporated under reduced pressure. The
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=98:2-93:7), and then by silica
gel column chromatography (chloroform:methanol=99:1-
94:6). The obtained solid was suspension washed with
diethy! ether, collected by filtration and dried under reduced
pressure to give the title compound (241 mg) as a white
solid.

MS (ESI) m/z: 945.7 [M+H]*

35

Example 107 40

(107-1) (2S,4R)-1-[(25)-2-(3-bromo-5-fluoroben-
zamido)-3,3-dimethylbutanoyl]-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 107-1) 43

F o
H
Br N N 50
0 0
o "} 7N
1

To a solution of 2-bromo-5-fluorobenzoic acid (150 mg)
and Reference Example compound 5 (300 mg) in N,N-
dimethylformamide (4.2 ml) was added N,N-diisopropyl-
ethylamine (0.539 mL), and HATU (356 mg) was added
under ice-cooling, and the mixture was allowed to naturally
warm to room temperature and stirred for 65 hr. Water was
added to the reaction solution and the mixture was extracted 60
with ethyl acetate, and the extract was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=98:2-93:7) to give the title compound (341 mg) as 63
a pale-yellow solid.

MS (ESI) m/z: 645.3, 647.3 [M+H]*

55
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(107-2) methyl {(6S)-4-[3"-fluoro-5'-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-

5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-

dimethyl-1-oxobutan-2-yl}carbamoyl)[1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2, 5
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 107)

O

To a solution of Example compound 107-1 (335 mg) and
Reference Example compound 3 (289 mg) in tetrahydro- 25
furan (5.2 mL) were added palladium acetate (12 mg),
S-phos (43 mg), potassium fluoride (90 mg) and water
(0.034 mL) and the mixture was stirred at 70° C. for 21 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the
filtrate and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=98:2-93:7), and then by silica
gel column chromatography (chloroform:methanol=99:1-
94:6). The obtained solid was suspension washed with
diethy! ether, collected by filtration and dried under reduced
pressure is to give the title compound (182 mg) as a white
solid.

MS (ESI) m/z: 945.8 [M+H]*

30
35

40
Example 108

(108-1) (2S,4R)-1-[(28)-2-(5-bromo-2-fluoroben-
zamido)-3,3-dimethylbutanoyl]-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl] 45
ethyl}pyrrolidine-2-carboxamide (Example
Compound 108-1)

F B
Br
O O
ﬁLW\

55
To a solution of 5-bromo-2-fluorobenzoic acid (150 mg),

Reference Example compound 5 (300 mg) in N,N-dimeth-
ylformamide (4.2 mL) was added N,N-diisopropylethylam-
e (0.539 mL), and HATU (356 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 65 hr. Water was added 60
to the reaction solution and the mixture was extracted with
ethyl acetate, and the extract was washed with water, satu-
rated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=98:2-93:7) to give the title compound (416 mg) as
a pale-yellow solid. MS (ESI) m/z: 645.3, 647.3 [M+H]*

65
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(108-2) methyl {(6S)-4-[4"-fluoro-3'-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-

5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-

dimethyl-1-oxobutan-2-yl}carbamoyl)[1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 108)

314

O~

To a solution of Example compound 108-1 (410 mg) and
Reference Example compound 3 (354 mg) in tetrahydro-
furan (6.4 mL) were added palladium acetate (14 mg),
S-phos (52 mg), potassium fluoride (111 mg) and water
(0.041 mL) and the mixture was stirred at 70° C. for 21 hr.
The insoluble material in the reaction solution was filtered
off through diatomaceous earth, water was added to the
filtrate and the mixture was extracted with ethyl acetate. The
organic layer was dried over anhydrous sodium sulfate and
the solvent was evaporated under reduced pressure. The
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=98:2-93:7), and then by silica
gel column chromatography (chloroform:methanol=99:1-
94:6). The obtained solid was suspension washed with
diethy! ether, collected by filtration and dried under reduced
pressure to give the title compound (316 mg) as a white
solid. MS (ESI) ny/z: 945.6 [M+H]*

Example 109

(109-1) t-butyl (3R)-3-({(2S)-1-[(2S,4R)-4-hydroxy-
2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-

oxobutan-2-yl }carbamoyl)pyrrolidine-1-carboxylate

(Example Compound 109-1)
%O

Y

OH

¢}

To a solution of (R)-1-(t-butoxycarbonyl)-3-pyrrolidin-
ecarboxylic acid (246 mg) and Reference Example com-
pound 5 (500 mg) in N,N-dimethylformamide (6.9 mL.) was
added N,N-diisopropylethylamine (0.899 mlL.), and HATU
(593 mg) was added under ice-cooling, and the mixture was
allowed to naturally warm to room temperature and stirred
for 65 hr. Water was added to the reaction solution and the
mixture was extracted with ethyl acetate, and the extract was

25

30

40

45

60

65

@
1

washed with water, saturated aqueous sodium hydrogen
carbonate and saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was purified by silica gel column
chromatography (chloroform:methanol=98:2-93:7) to give
the title compound (521 mg) as a pale-yellow solid. MS
(ESD) m/z: 642.7 [M+H]*
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(109-2) methyl [(6S)-4-{4'-[(3R)-3-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-y1}carbamoyl)pyrrolidine-1-
carbonyl][1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 109)

To a solution of Example compound 109-1 (150 mg) and
Example compound 90-1 (139 mg) in N,N-dimethylforma-
mide (2.8 mL) was added N,N-diisopropylethylamine
(0.240 mL), and HATU (158 mg) was added under ice-
cooling, and the mixture was allowed to naturally warm to
room temperature and stirred for 15 hr. To the reaction
solution was added water and the mixture was extracted with
chloroform. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=99:1-95:5). The obtained solid was suspension

316

5

washed with diethyl ether, collected by filtration and dried
under reduced pressure to give the title compound (204 mg)
35 as a white solid. MS (ESI) m/z: 1022.7 [M-H]~

Example 110

(110-1) methyl (4-{4'-[2-({(2S)-1-[(2S,4R)-4-hy-
droxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-
1-oxobutan-2-yl}amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4]diazepin-6-yl)acetate
(Example Compound 110)

40

By reaction and treatment in the same manner as in

Example 15 (15-1)-(15-3) and using Reference Example

65 compound 13 instead of Reference Example compound 1,

the title compound was obtained as a yellow solid. MS (ESI)
m/z: 957.5 [M+H]*
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Example 111

(111-1) methyl (4-{3'-cyano-4'-[2-({(2S9)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-y1}amino)-2-oxoethoxy][1,
1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f]
[1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetate
(Example Compound 111)

N
I

NS
=

By reaction and treatment in the same manner as in
Example 9 (9-3)-(9-5) and using Reference Example com-
pound 13 instead of Reference Example compound 1, the
title compound was obtained as a yellow solid. MS (ESI)
m/z: 982.4 [M+H]*

Example 112

(112-1) methyl {(6S)-4-[2'-fluoro-3'-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}carbamoyl)[1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 112)

s
By reaction and treatment in the same manner as in
Example 106 (106-1)-(106-2) and using 3-bromo-2-fluo-

robenzoic acid instead of 3-bromo-4-fluorobenzoic acid, the
title compound was obtained as a yellow solid.

MS (ESI) m/z: 945.5 [M+H]*

o
o N
H
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Example 113

(113-1) 6-bromo-N-{(28)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}pyridine-2-carboxamide (Example
Compound 113-1)

OH

To a solution of 6-bromopicolinic acid (300 mg), Refer-
ence Example compound 5 (714 mg), N,N-dimethylforma-
mide (5.0 mL) and N,N-diisopropylethylamine (0.771 mL)
was added, under ice-cooling, HATU (1.01 g), and the
mixture was stirred at room temperature for 18 hr. The
reaction mixture was diluted with ethyl acetate, washed
successively with saturated aqueous sodium hydrogen car-
bonate, water and saturated brine, dried over anhydrous
sodium sulfate and filtered. The solvent was evaporated
under reduced pressure. To the precipitated solid was added
diethyl ether and, after ultrasonic suspension washing, the
solid was collected by filtration to give the title compound
(680 mg) as a white solid.

MS (ESI) m/z: 628.4, 630.3 [M+H]*
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(113-2) methyl [(6S)-4-{4-[6-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)pyridin-2-yl]
phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 113)

WOH

/

\N
O
AL
\<}\I’I{I -

c—

N2

To a solution of Example compound 113-1 (270 mg) and
Reference Example compound 3 (240 mg) in tetrahydro-
furan (4.3 mL) were added palladium acetate (10 mg),
S-phos (35 mg), potassium fluoride (75 mg) and water
(0.028 mL), and the mixture was stirred with heating under
reflux for 40 hr. The reaction mixture was diluted with
chloroform, insoluble material was filtered off through dia-
tomaceous earth, and the filtrate was concentrated under
reduced pressure. To the obtained residue was added satu-
rated aqueous sodium hydrogen carbonate, and the mixture
was extracted with chloroform, and the extract was dried
over anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The obtained residue
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-93:7) and NH silica gel column chro-
matography (ethyl acetate:methanol=100:0-90:10) to give
the title compound (83 mg) as a white solid.

MS (ESI) m/z: 928.5 [M+H]*

320

By reaction and treatment in the same manner as in
Example 97 (97-2) and using 6-(4-(t-butoxycarbonyl)-1-
piperazinyl)nicotinic acid instead of Example compound

3 97-1, the title compound was obtained as a white solid.

MS (ESI) m/z: 734.8 [M+H]*

(114-2) N-{(25)-1-[(2S,4R)-4-hydroxy-2-({(1S)-1-

10
[4-(4-methyl-1,3-thiazol-5-y1l)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}-6-(piperazin-1-yl)pyridine-3-
15 carboxamide (Example Compound 114-2)
20

25 (6]

30

35

To a solution of Example compound 114-1 (370 mg) in
40" chloroform (2 mL) was added trifluoroacetic acid (1 mL)
and the mixture was stirred at room temperature for 3 hr. The
reaction mixture was concentrated under reduced pressure,

saturated aqueous sodium hydrogen carbonate, chloroform

45
Example 114 were added to the residue and the mixture was stirred. The
(114-1) t-butyl 4-[5-({(2S)-1-[(28,4R)-4-hydroxy-2- aqueous layer was removed by Phase Separator and the
(k‘l{(ll}s)'11;[4'(4'11)113thy11'(1153'thiaIZOl'S'é’l)Phil}il] organic layer was concentrated under reduced pressure to

ethyl }carbamoyl)pyrrolidin-1-yl]-3,3-dimethyl-1- 50 . .
oxobutan-2-yl }carbamoyl)pyridin-2-yl piperazine-1- give the target compound (301 mg) as a yellow solid. MS
carboxylate (Example Compound 114-1) (EST) m/z: 634.3 [M+H]*
QH
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(114-3) methyl [(6S)-4-(4-{4-[5-({(2S)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)pyridin-2-yl]
piperazin-1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,
2-f][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate
(Example Compound 114)

O

By reaction and treatment in the same manner as in
Example 98 (98-3) and using Example compound 114-2
instead of Example compound 98-2, the title compound was
obtained as a yellow solid. MS (ESI) m/z: 1012.9 [M+H]*

Example 115

(115-1) benzyl 3-[4-(t-butoxycarbonyl)phenoxy]
pyrrolidine-1-carboxylate (Example Compound
115-1)

Under an argon stream, a solution of t-butyl 4-hydroxy-
benzoate (500 mg), 1-(benzyloxycarbonyl)-3-pyrrolidinol
(683 mg) and triphenylphosphine (1.01 g) in tetrahydrofuran
(5 mL) was cooled to 0° C., bis(2-methoxyethyl) azodicar-
boxylate (905 mg) was added and the mixture was stirred at
room temperature for 3 hr. Water was added to the reaction
mixture and the mixture was stirred and extracted twice with
ethyl acetate. The organic layer was washed with water and
concentrated under reduced pressure. The residue was puri-
fied by NH silica gel column chromatography (ethyl acetate:
hexane=0:100-30:70) to give the title compound (607 mg) as
a colorless viscous compound. MS (EST) m/z: 398.4 [M+H]*

O
N
| i
o /R 22N
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30
(115-2) t-butyl 4-[(pyrrolidin-3-yl)oxy|benzoate
(Example Compound 115-2)

ol .

To a solution of Example compound 115-1 (607 mg) in
ethanol (4 ml)-tetrahydrofuran (4 ml) was added 10%
palladium carbon (200 mg) and, after hydrogen substitution,
the mixture was stirred at room temperature for 5 hr. Using
ethyl acetate, the reaction mixture was filtered through celite
and the filtrate was concentrated under reduced pressure.
The residue was purified by NH silica gel column chroma-
tography (methanol:ethyl acetate=0:100-10:90) to give the
title compound (266 mg) as a white solid. MS (ESI) m/z:
264.3 [M+H]*

40
45

50
(115-3) t-butyl 4-[(1-{4-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-][1,2,4 ]tri-
azolo[4,3-a][1,4]diazepin-4-yl]phenyl}pyrrolidin-3-
yhoxy]benzoate (Example Compound 115-3)
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=
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Under an argon stream, compound 115-2 (266 mg),
Reference Example compound 1 (400 mg), tris(dibenzylide-
neacetone)dipalladium(0) (88 mg), t-BuXphos (82 mg),
potassium phosphate (614 mg) were heated under reflux in
tetrahydrofuran (5 mL) solvent for 26 hr. Using ethyl
acetate, the reaction mixture was filtered through diatoma-
ceous earth, and the filtrate was concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (methanol:chloroform=0:100-4:96) to give
the title compound (460 mg) as a yellow solid. MS (ESI)
m/z: 642.3 [M+H]*

(115-4) methyl [(6S)-4-(4-{3-[4-({(2S)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)phenoxy]
pyrrolidin-1-y1}phenyl)-2,3,9-trimethyl-6H-thieno|[3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 115)

To a solution of Example compound 115-3 (460 mg) in
chloroform (1 ml) was added trifluoroacetic acid (1 mL)
and the mixture was stirred at room temperature for 3 hr. The
reaction mixture was concentrated under reduced pressure
and azeotropically distilled 2 times with toluene. The residue
was dissolved in N,N-dimethylformamide (5 mL), and Ref-
erence Example compound 5 (413 mg), N,N-diisopropyl-
ethylamine (0.619 mL), HATU (327 mg) were added and the
mixture was stirred at room temperature for 20 hr. To the
reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was stirred and
extracted twice with ethyl acetate. The organic layer was
washed twice with water and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (methanol:chloroform=0:100-7:93) and
NH silica gel column chromatography (methanol:chloro-
form=0:100-2:98) to give the title compound (467 mg) as a
yellow solid.

MS (ESI) m/z: 1012.5 [M+H]*
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Example 116

(116-1) 4-[(6S)-2,3,6,9-tetramethyl-6H-thieno[3,2-1]
[1,2,4]triazolo[4,3-a][ 1,4]|diazepin-4-yl]phenol (Ex-
ample Compound 116-1)

OH

=
/

To a solution of Reference Example compound 12 (1.00
g) in dioxane (10 mL.) were added potassium hydroxide (1.8
ml, 8 mol/L), [2-(2-aminophenyl)phenyl)]-methylsulfony-
loxy-palladium; dicyclohexyl-[3,6-dimethoxy-2-(2,4,6-tri-
isopropylphenyl)phenyl|phosphate (127 mg) and the mix-
ture was stirred at 120° C. for 1 hr under microwave
radiation. To the reaction solution was added 1N hydrochlo-
ric acid and the mixture was extracted with chloroform. To
the aqueous layer was added 4N aqueous sodium hydroxide
solution and the mixture was extracted with chloroform. The
organic layer was dried over anhydrous sodium sulfate. The
solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-90:10) to give the title compound

(904 mg) as a colorless solid.

MS (ESI) m/z: 339.2 [M+H]"
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(116-2) methyl {4-[(6S)-2,3,6,9-tetramethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-4-
yl]phenoxy }acetate (Example Compound 116-2)

0
O\)j\
O/

To a solution of Example compound 116-1 (400 mg) in
N,N-dimethylformamide (5.9 mL) were added cesium car-
bonate (770 mg) and methyl bromoacetate (271 mg) and the
mixture was stirred at room temperature for 1 hr. To the
reaction solution were added water and ethyl acetate for
partitioning and the aqueous layer was further extracted with
ethyl acetate. The organic layers were collected, washed
with water:saturated brine=1:1 and saturated brine, and
dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (chloroform:metha-
n0l=100:0-90:10) to give the title compound (453 mg) as a
pale-brown powder. MS (ESD) nv/z: 411.2 [M+H]*

(116-3) (2S,4R)-1-[(2S)-3,3-dimethyl-2-(2-{4-[(6S)-
2,3,6,9-tetramethyl-6H-thieno[3,2-][1,2,4|triazolo
[4,3-a] [1,4]diazepin-4-yl]phenoxy }acetamido)bu-

tanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }pyrrolidine-2-carboxamide
(Example Compound 116)

To a solution of Example compound 116-2 (213 mg) in
methanol (2.0 mL) was added, under ice-cooling, sodium
hydroxide (166 mg), and the mixture was allowed to natu-
rally warm to room temperature and stirred for 2.5 hr. The
reaction solution was concentrated under reduced pressure
and azeotropically distilled twice with toluene. To a solution
of the obtained residue (283 mg) and Reference Example
compound 5 (274.6 mg) in N,N-dimethylformamide (5.2
ml.) was added N,N-diisopropylethylamine (0.449 mL), and
HATU (296 mg) was added under ice-cooling, and the
mixture was allowed to naturally warm to room temperature
and stirred for 2.5 hr. To the reaction solution was added
water and the mixture was extracted with chloroform. The
organic layer was washed with water, saturated aqueous

e
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sodium hydrogen carbonate and saturated brine, and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was purified by NH
silica gel column chromatography (ethyl acetate:metha-
nol=95:5-85:15), and then by silica gel column chromatog-
raphy (chloroform:methanol=99:1-95:5). The obtained solid
was suspension washed with diethyl ether, collected by
filtration and dried under reduced pressure to give the title
compound (232 mg) as a white solid. MS (ESI) m/z: 821.5
[M-H]”

Example 117

(117-1) t-butyl [cis-3-({(29)-1-[(2S,4R)-4-hydroxy-
2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl }carbamoyl)cyclobutyl|carbamate
(Example Compound 117-1)

20

25 ?H
(@]
o} N N
H S_//

Reference Example compound 5 (400 mg) and cis-3-(t-
butoxycarbonylamino)cyclobutanecarboxylic acid (197 mg)
were dissolved in N,N-dimethylformamide (8.3 mL), N,N-
diisopropylethylamine (0.43 mL) and HATU (475 mg) were
added under ice-cooling and the mixture was stirred at room

30

35

_J

temperature for 16 hr. To the reaction mixture was added ice
water, saturated aqueous sodium hydrogen carbonate to
quench the reaction, ethyl acetate and saturated brine were
added and the organic layer was extracted. The aqueous
layer was extracted twice with ethyl acetate, and the organic
layers were collected and washed twice with saturated
brine:water=1:1, and washed with saturated brine. After
drying over anhydrous sodium sulfate, the solvent was
evaporated under reduced pressure, and the residue was
purified by silica gel column chromatography (chloroform:
methanol=100:0-95:5) to give the title compound (490 mg)
as a white solid.
MS (ESI) m/z: 642.5 [M+H]"
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(117-2) methyl [(6S)-4-(4'-{[cis-3-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-

5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-

dimethyl-1-oxobutan-2-yl}carbamoyl)cyclobutyl]
carbamoyl }[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-6H-

thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-

yl]acetate (Example Compound 117)

Tz

~d

Example compound 117-1 (485 mg) was dissolved in
N,N-dimethylformamide (5.0 mL), 4 M hydrogen chloride/
1,4-dioxane solution was added and the mixture was stirred
at room temperature for 1 hr. The reaction mixture was
concentrated. 1,4-Dioxane was added and the mixture was
concentrated under reduced pressure, and this operation was
performed twice. The concentrate was dried under reduced
pressure at 60° C. To the residue was added N,N-dimethyl-
formamide (10.2 mL) and the mixture was stirred. Under
ice-cooling, N,N-diisopropylethylamine (3.9 mL), Example
compound 90-1 (342 mg), HATU (430 mg) were added and
the mixture was stirred at room temperature for 2 hr.
Furthermore, N,N-diisopropylethylamine (0.78 mL.), HATU
(90 mg) were added under ice-cooling and the mixture was
stirred for 14 hr. Under ice-cooling, to the reaction mixture
were added ethyl acetate, saturated aqueous sodium hydro-
gen carbonate, water and the mixture was stirred. Saturated
brine:water=1:1 was added and the organic layer was
extracted. The aqueous layer was extracted twice with ethyl
acetate, and the organic layers were collected and washed
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twice with saturated brine:water=1:1 and washed with satu-
rated brine. After drying over anhydrous sodium sulfate, the
solvent was evaporated under reduced pressure, and the
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=100:0-80:20), silica gel col-
umn chromatography (ethyl acetate:methanol=100:0-80:
20), and then preparative HPLC (10 mM aqueous
ammonium carbonate solution-acetonitrile) to give the title
compound (240 mg) as a white solid. MS (ESI) m/z: 1024.5
[M+H]*

Example 118

(118-1) methyl [(6S)-4-(4'-{[(trans-3-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}carbamoyl)cyclobutyl]
carbamoyl }[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 118)

"’I
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By reaction and treatment in the same manner as in
Example 117 (117-1)-(117-2) and using trans-3-(t-butoxy-
carbonylamino)cyclobutanecarboxylic acid instead of cis-3-
(t-butoxycarbonylamino)cyclobutanecarboxylic acid, the
title compound was obtained as a white solid.

MS (ESI) m/z: 1024.5 [M+H]*
Example 119

(119-1) 5-bromo-N-{(2S)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}pyridine-2-carboxamide (Example
Compound 119-1)

OH

Z N
H
Br ~ © O gj\Q\(L

SJ

By reaction and treatment in the same manner as in
Example 97 (97-2) and using 5-bromopicolinic acid instead
of Example compound 97-1, the title compound was
obtained as a white solid. MS (ESI) m/z: 628.2, 630.2
[M+H]*

(119-2) methyl [(6S)-4-{4-[6-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)pyridin-3-yl]
phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 119)

Tz
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By reaction and treatment in the same manner as in
Example 101 (101-2) and using Example compound 119-1
instead of Example compound 101-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 928.4 [M+H]"

Example 120

(120-1) 5-chloro-N-{(2S)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}pyrazine-2-carboxamide (Example
Compound 120-1)

OH

L

N N

Z N

IJ*H 2

Cl\N Oog 7 N
1

5-Chloropyrazine 2-carboxylic acid (119 mg) and Refer-
ence Example compound 5 (300 mg), N,N-diisopropyleth-
ylamine (0.324 mL) and HATU (285 mg) were stirred in
N,N-dimethylformamide (5 mL) at room temperature for 5
hr. Water was added to the reaction mixture and the mixture
was stirred and extracted twice with ethyl acetate. The
organic layer was washed twice with water and concentrated
under reduced pressure. The residue was purified by NH
silica gel column chromatography (methanol:chloro-

form=10:90) to give the title compound (308 mg) as a white
solid. MS (ESI) m/z: 585.2, 587.2 [M+H]*

OH

=z
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(120-2) t-butyl 4-{4-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-yl]phenyl}piperazine-1-
carboxylate (Example Compound 120-2)

Ak
g

O~

Under an argon stream, Reference Example compound 1
(400 mg), 1-(t-butoxycarbonyl)-piperazine (216 mg), tris
(dibenzylideneacetone)dipalladium(0) (44 mg), t-BuXphos
(41 mg) and potassium phosphate (614 mg) were stirred in
1,2-dimethoxyethane (5 mL) solvent at 70° C. for 19 hr.
Using ethyl acetate, the reaction mixture was filtered
through diatomaceous earth and the filtrate was concentrated

10

15

20

25

under reduced pressure. The residue was purified by silica 3

gel column chromatography (methanol:chloroform=0:100-
5:95) to give the title compound (314 mg) as a yellow solid.
MS (ESI) m/z: 565.6 [M+H]*
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(120-3) methyl {(6S)-2,3,9-trimethyl-4-[4-(piper-
azin-1-yl)phenyl]-6H-thieno[3,2-f][ 1,2,4]triazolo[ 4,
3-a][1,4]diazepin-6-yl}acetate hydrochloride (Ex-
ample Compound 120-3)

N\)
S

/

HCI

O

To a solution of Example compound 120-2 (314 mg) in
methanol (1 mL) was added 4 M hydrogen chloride/ethyl
acetate solution (2 mL) and the mixture was stirred at room
temperature for 4 hr. The reaction mixture was concentrated
under reduced pressure to give the title compound (301 mg)
as an orange solid.

MS (ESI) m/z: 465.4 [M+H]"

(120-4) methyl [(6S)-4-(4-{4-[5-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)pyrazin-2-yl]
piperazin-1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,
2-f][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate
(Example Compound 120)

Example compound 120-1 (144 mg), Example compound
120-3 (124 mg) and N,N-diisopropylethylamine (0.103 m[.)
were heated under reflux in tetrahydrofuran (5 mL) solvent
for 12 hr. To the reaction mixture was added saturated
aqueous sodium hydrogen carbonate and the mixture was
stirred. Using ethyl acetate, the mixture was filtered through
diatomaceous earth and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel
column chromatography (methanol:chloroform=0:100-5:
95) to give the title compound (135 mg) as a yellow solid.
MS (ESI) m/z: 1013.4 [M+H]*
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Example 121

(121-1) methyl [(6S)-4-{4-[3-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)piperidin-1-yl]
phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 121)

H
N N
=
S
(@]
/
X l O N WOH
N
T '
N\N o
HN
O
=
S
\==N

By reaction and treatment in the same manner as in
Example 98 (98-3)-(98-4) and using t-butyl nipecotate
hydrochloride instead of Example compound 98-2, the title
compound was obtained as a yellow solid.

MS (ESI) m/z: 934.4 [M+H]*

5

10

55

60
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Example 122

(122-1) (2S,4R)-1-{(28)-2-[2-(4-bromophenoxy)
(diftuoro)acetamido]-3,3-dimethylbutanoyl}-4-hy-
droxy-N-{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}pyrrolidine-2-carboxamide (Example
Compound 122-1)

OH
Ot‘/ :
SN Y
N
/O/FFH()?
Br o7 H N
N1

2-(4-Bromophenoxy)-2,2-difluoroacetic acid (200 mg),
Reference Example compound 5 (300 mg), N,N-diisopro-
pylethylamine (0.325 ml.) and HATU (285 mg) were stirred
in N,N-dimethylformamide (5 mL) at room temperature for
24 hr. Water was added to the reaction mixture and the
mixture was stirred and extracted twice with ethyl acetate.
The organic layer was washed twice with water and con-
centrated under reduced pressure. The residue was purified
by silica gel column chromatography (methanol:chloro-
form=0:100-5:95) to give the title compound (214 mg) as a
white solid.

MS (ESI) m/z: 693.1, 695.1 [M+H]*

(122-2) methyl [(6S)-4-{4'-[1,1-difluoro-2-({(2S)-1-
[(2S,4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl}carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}amino)-2-
oxoethoxy][1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate (Example Compound 122)

OH

Under an argon stream, Example compound 122-1 (214
mg), Reference Example compound 3 (150 mg), palladium
acetate (6.7 mg), S-phos (24 mg), potassium fluoride (52
mg) and water (19 ul.) were heated under reflux in tetrahy-
drofuran (5 mL) solvent for 8 hr. Using ethyl acetate, the
reaction mixture was filtered through diatomaceous earth
and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (methanol:chloroform=0:100-5:95) and NH silica gel
column chromatography (methanol:chloroform=0:100-2:
98) to give the title compound (93 mg) as a white solid. MS

(ESI) m/z: 993.4 [M+H]*
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Example 123

(123-1) t-butyl 4-{4-[(65)-2,3,6,9-tetramethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-4-
yl]phenoxy}butanoate (Example Compound 123-1)

OV\)(LO)<

=
I

To a solution of Example compound 116-1 (500 mg) in
N,N-dimethylformamide (4.9 mL.) was added cesium car-
bonate (530 mg) and the mixture was stirred for 10 min.
t-Butyl-4-bromobutanoate (330 mg) was added dropwise
over 5 min, and the mixture was stirred at room temperature
for 1 hr. The reaction solution was heated to 70° C. and
further stirred for 1 hr. To the reaction solution were added
saturated aqueous ammonium chloride solution, water and
the mixture was extracted with ethyl acetate. The organic
layer was washed with water and saturated brine, and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=99:1-
97:3) to give the title compound (633 mg) as a pale-brown
powder. MS (ESI) m/z: 481.4 [M+H]*

(123-2) (2S,4R)-1-[(2S)-3,3-dimethyl-2-(4-{4-[(6S)-
2,3,6,9-tetramethyl-6H-thieno[3,2-][1,2,4|triazolo
[4,3-a] [1,4]diazepin-4-yl]phenoxy }butanamido)
butanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }pyrrolidine-2-carboxamide
(Example Compound 123)

w

15
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To a solution of Example compound 123-1 (213 mg) in
dichloromethane (2.0 ml) was added dropwise, under ice-
cooling, trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 2.0 hr. The reaction solution was concentrated under
reduced pressure and azeotropically distilled twice with
toluene. To the obtained residue were added ethyl acetate
and saturated aqueous sodium hydrogen carbonate and the
mixture was vigorously stirred at room temperature for 30
min and partitioned. The aqueous layer was acidified with
IN hydrochloric acid, extracted with chloroform, and the
extract was washed with water, saturated aqueous sodium
hydrogen carbonate and saturated brine. The organic layer
was dried over anhydrous sodium sulfate and the filtrate was
concentrated under reduced pressure and dried. To a solution
of the obtained residue (350 mg) and Reference Example
compound 5 (230 mg) in N,N-dimethylformamide (4.8 m[.)
was added N,N-diisopropylethylamine (0.414 ml), and
HATU (273 mg) was added under ice-cooling, and the
mixture was allowed to naturally warm to room temperature
and stirred for 38 hr. To the reaction solution was added
water and the mixture was extracted with chloroform. The
organic layer was washed with water, saturated aqueous
sodium hydrogen carbonate and saturated brine, and dried
over anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was purified by NH
silica gel column chromatography (ethyl acetate:metha-
nol=93:7-80:20), and then by silica gel column chromatog-
raphy (chloroform:methanol=98:2-93:7). The obtained solid
was suspension washed with diethyl ether, collected by
filtration and dried under reduced pressure to give the title
compound (106 mg) as a white solid. MS (ESI) m/z: 851.6
[M+H]*
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Example 124 -continued

(124-1) methyl [(6S)-4-{4-[(3R)-3-({(29)-1-[(2S, I\O it
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol- ""//l/
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3- 5 S (l)
dimethyl-1-oxobutan-2-y1}carbamoyl)piperidin-1-yl] o) N O
Y4

phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4] YN
triazolo[4,3-a][1,4]diazepin-6-yl]acetate or methyl I\! 0

S
=
|
N
[(6S)-4-{4-[(3S)-3-({(2S)-1-[(2S,4R)-4-hydroxy-2- N 0O o
({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)pheny]] 10
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1- O—
oxobutan-2-yl}carbamoyl)piperidin-1-yl|phenyl} -2,
3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a]
[1,4]diazepin-6-yl]acetate (Example Compound 15
124) ~

\==N

29  Example compound 121 (233 mg) was resolved by a
chiral column [CHIRALPAK ID (30%250), methanol:ac-

H
N N
S = etonitrile:diethylamine=60:40:0.1, flow 20 mL./min, recycle
- 0 once| (retention time: 13 min and 21 min). The fractions
N 1 o N .OH obtained first (retention time: 13 min) were collected to give
T 0
(0]
O\

ox 2 MS (BSD) m/z: 934.9 [M+H]*

AN Example 125
(125-1) methyl [(6S)-4-(4"-{[2-({(28)-1-[(2S,4R)-4-
30 hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
~ ethyl-1-oxobutan-2-yl}amino)-2-oxoethyl](methyl)
S,
\e=N

the title compound as a yellow solid.
N. N)\(\(

carbamoyl }[1,1'-biphenyl]-4-y1)-2,3,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-6-
yl]acetate (Example Compound 125)

OH

) WTYE m
o K as
1

O
O~

AN

By reaction and treatment in the same manner as in

Example 90 (90-2)-(90-3) and using N-methyl-N-(t-butoxy-

65 carbonyl)-glycine instead of N-(t-butoxycarbonyl)-glycine,

a white title compound was obtained. MS (ESI) m/z: 998.5
[M+H]*
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Example 126 and Example 127

(126-1) and (127-1) methyl [(6S)-4-(4-{(3R)-3-[4-
({(25)-1-[(2S,4R)-4-hydroxy-2-({(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl} carbamoyl) 5
pyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2-
yl}carbamoyl)phenoxyJpyrrolidin-1-yl}phenyl)-2,3,
9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,
4]diazepin-6-yl]acetate and methyl [(6S)-4-(4-
1(38)-3-[4-({(28)-1-[(2S,4R)-4-hydroxy-2-({ (1S)-1- 10
[4-(4-methyl-1,3-thiazol-5-y1l)phenyl|
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl)phenoxy |pyrrolidin-1-
yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate

D

S B ( ) |N
58, S Satas

~y 0 0

H

e

NS B
S
= J N
O . g
/ N NI NH S
O—

Example compound 115 (422 mg) was resolved by a
chiral column [CHIRALPAK 1A (30*250), ethanol:tetrahy-
drofuran:diethylamine=60:40:0.1] and purified by silica gel
column chromatography (methanol:chloroform=0:100-5:
95) to give the both compounds (compound having shorter
retention time, 202 mg (MS (ESI) m/z: 1012.4 [M+H]*,
Example compound 126) and compound having longer ¢s
retention time, 188 mg (MS (ESI) m/z: 1012.4 [M+H]*,
Example compound 127)) as yellow solids.

N

60
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Example 128

(128-1) t-butyl 4-[3-({(28)-1-[(28,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1- 5
oxobutan-2-yl }carbamoyl)phenoxy |piperidine-1-
carboxylate (Example Compound 128-1)

o
o
Tz
[oF— ¢ E
y@
Tz,

By reaction and treatment in the same manner as in
Example 97 (97-2) and using 1-(t-butoxycarbonyl)-4-(3- 53,
carboxyphenoxy)piperidine instead of Example compound

97-1, the title compound was obtained as a white solid.

MS (ESI) m/z: 748.4 [M+H]* =

(128-2) (2S,4R)-1-[(2S)-3,3-dimethyl-2-{3-[(piperi-
din-4-yl)oxy]benzamido} butanoyl]-4-hydroxy-N-
{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example Com-
pound 128-2)

40

H

o I
N
H
HN o] g g aN

By reaction and treatment in the same manner as in
Example 114 (114-2) and using Example compound 128-1
instead of Example compound 114-1, the title compound 65
was obtained as a pale-yellow solid. MS (ESI) m/z: 648.7
[M+H]*

)
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(128-3) methyl [(6S)-4-(4-{4-[3-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)phenoxy]
piperidin-1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3, 5
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 128)

..,,”o

N
H

NS

N O

O\

By reaction and treatment in the same manner as in
Example 98 (98-3) and using Example compound 128-2
instead of Example compound 98-2, the title compound was
obtained as a yellow solid. MS (ESI) m/z: 1026.5 [M+H]*

Example 129
35

(129-1) (2S,4R)-1-{(2S)-2-[3-(5-bromopyridin-2-y1)
propanamido]-3,3-dimethylbutanoyl }-4-hydroxy-N-
{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example 40
Compound 129-1)

45
OH
s 50
0
N N
& N
H
0 N
Br ~ ¢} H 7N
SJ 55
60

By reaction and treatment in the same manner as in
Example 97 (97-2) and using 3-(5-bromo-2-pyridinyl)pro-
pionic acid instead of Example compound 97-1, the title 65
compound was obtained as a white solid. MS (ESI) m/z:
656.2, 658.2 [M+H]"

"
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(129-2) methyl [(6S)-4-(4-{6-[3-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-3-oxopropyl|pyridin-
3-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 129)

Tz

O\

By reaction and treatment in the same manner as in
Example 101 (101-2) and using Example compound 129-1
instead of Example compound 101-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 956.4 [M+H]"

Example 130

(130-1) benzyl
1,2,3,4-tetrahydroquinoline-6-carboxylate (Example
Compound 130-1)

Tz

To a solution of 1,2,3,4-tetrahydroquinoline-6-carboxylic
acid (1 g) in N,N-dimethylformamide (28 mL) were added
potassium carbonate (3.9 g), benzyl bromide (0.709 mL.) and
the mixture was stirred at room temperature for 1 hr. Water
was added to the reaction mixture and the mixture was
stirred and extracted 3 times with ethyl acetate. The organic
layers were collected and washed with water, dried over
sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (ethyl acetate:hexane=30:70-40:60) to give
the title compound (1.13 g) as a pale-yellow oil. MS (ESI)
m/z: 268.1 [M+H]*
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R
jus)

(130-2) benzyl 1-{4-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-][1,2,4 ]tri-
azolo[4,3-a][1,4]diazepin-4-yl]phenyl}-1,2,3 4-tetra-
hydroquinoline-6-carboxylate (Example compound
130-2)

O

By reaction and treatment in the same manner as in
Example 81 (81-1) and using Example compound 130-1
instead of 3-(t-butoxycarbonyl)pyrrolidine, the title com-
pound was obtained as a pale-yellow solid. MS (ESI) nmv/z:
646.2 [M+H]*
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(130-3) 1-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9- By reaction and treatment in the same manner as in

trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4] Example 80 (80-5) and using Example compound 130-3

diazepin-4-yl]phenyl}-1,2,3,4-tetrahydroquinoline-6- instead of Example compound 80-4, the title compound was

carboxylic acid (Example Compound 130-3) obtained as a pale-yellow solid. MS (ESI) nvz: 982.4
5 [M+H]*
Example 131
=~ N 10 (131-1) t-butyl 3-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-
S ({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
= Y ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
\ oxobutan-2-yl}amino)-2-oxoethoxy|piperidine-1-
YN N OH 15 carboxylate (Example Compound 131-1)
N\N/ o
(6]
— 20
To a solution of Example compound 130-2 (96.6 mg) in OH
. HN K
ethanol (3 mL) was added 10% palladium carbon (50 mg) 25 g N
and, after hydrogen substitution, the mixture was stirred at (t>70 0 O
room temperature for 8 hr. Using methanol, the reaction N 0
N

mixture was filtered through celite and the filtrate was O_<O H
concentrated under reduced pressure. The residue was puri- 30 ; /\
fied by silica gel column chromatography (methanol:chlo- = N
roform=0:100-4:96) to give the title compound (95.3 mg) as S~

a pale-yellow solid.
MS (ESI) m/z: 556.2 [M+H]*

35

(130-4) methyl [(6S)-4-{4-[6-({(2S)-1-[(2S,4R)-4-

hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)

phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim- 40
ethyl-1-oxobutan-2-yl}carbamoyl)-3,4-

By reaction and treatment in the same manner as in
Example 97 (97-2) and using N-(t-butoxycarbonyl)-3-

dihydroquinolin-1(2H)-yl|phenyl}-2,3,9-trimethyl- carboxymethoxypiperidine instead of Example compound
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a] [1.4]diazepin- 97-1, the title compound was obtained as a white solid.
6-yl]acetate (Example Compound 130) MS (ESI) m/z: 686.3 [M+H]*
%\(
O
T HN
S \\\OH
7\
N N
SO O
\ /7
— O
N N O/ N
S\/N
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(131-2) (2S,4R)-1-[(2S)-3,3-dimethyl-2-{2-[(piperi-
din- 3-yl)oxy]acetam1d0}butanoyl] 4-hydroxy-N-
{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carb0xamide (Example Com-

pound 131-2) 5
1IN \\\OH
ij
10
HN O

N
H

15

e
N
v

By reaction and treatment in the same manner as in 27

Example 114 (114-2) and using Example compound 131-1
instead of Example compound 114-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 586.6 [M+H]"

(131-3) methyl [(6S)-4-(4-{3-[2-({(29)-1-[(2S,4R)- 25
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin- 1 -yl]-3,3-dim-
ethyl-1-oxobutan-2-yl amino)-2-0x0ethoxy]
piperidin-1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 131)

i:Q/Q/ s 35
«nOH

e}

30

\N o)

40

O—

=
S
\=N 43

By reaction and treatment in the same manner as in
Example 98 (98-3) and using Example compound 131-2
instead of Example compound 98-2, the title compound was
obtained as a yellow solid. MS (ESI) m/z: 964.4 [M+H]|*

Example 132

(132-1) t-butyl (7-bromo-1-0x0-3,4-dihydroisoqui-
nolin-2(1H)-yl)acetate (Example Compound 132-1) s

POV

By reaction and treatment in the same manner as in
Example 63 (63-1) and using 7-bromo-3,4-dihydro-1-iso-
quinolinone instead of 5-bromo-2-fluoropyridine, and
t-butyl bromoacetate instead of t-butyl glycolate, the title 65
compound was obtained as a white solid. MS (ESI) m/z:
340.1, 342.0 [M+H]*

350
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(132-2) methyl [(6S)-4-(4-{2-[2-({(2S9)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]-1-oxo-1,
2,3 4-tetrahydroisoquinolin-7-yl}pheny1)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 132)

O\

By reaction and treatment in the same manner as in
Example 100 (100-2)-(100-3) and using Example compound
132-1 instead of Example compound 100-1, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 1010.4
[M+H]*

Example 133

(133-1) 1-(t-butoxycarbonyl)-2,3-dihydro-1H-in-
dole-6-carboxylic acid (Example Compound 133-1)

OH

To a solution of 6-indoline methyl ester (500 mg) in
tetrahydrofuran (9.4 mL), methanol (4 ml) were added
triethylamine (0.43 ml) and di-t-butyl dicarbonate (739
mg), and the mixture was stirred at room temperature for 3
hr. The reaction mixture was concentrated under reduced
pressure, and the residue was dissolved in 1,2-dimethoxy-
ethane (15 mL) and methanol (15 mL), 4 M aqueous lithium
hydroxide solution (2.1 mL.) and water (10 mL) were added
and the mixture was stirred at room temperature for 22 hr.
The reaction mixture was concentrated under reduced pres-
sure, and the aqueous layer was washed with ethyl acetate.
To the aqueous layer was added 1N hydrochloric acid, and
the mixture was extracted 3 times with ethyl acetate. The
organic layers were collected, washed with saturated brine,
dried over sodium sulfate and filtered. The filtrate was
concentrated under reduced pressure to give the title com-
pound (560 mg) as a pale-yellow solid.

MS (ESI) m/z: 262.1 [M-H]*
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N

(133-2) N-{(2S)-1-[(2S,4R)-4-hydroxy-2-({(18)-1-
[4-(4-methyl-1,3-thiazol-5-y1l)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-y1}-2,3-dihydro-1H-indole-6-
carboxamide (Example Compound 133-2)

QH
K(N
HN
(ﬁ\/OY OXNLQ\(L
N
o o J

Example compound 133-1 (200 mg) was dissolved in
N,N-dimethylformamide (4 mL), and Reference Example
compound 5 (452 mg), HATU (347 mg) and N,N-diisopro-
pylethylamine (0.394 mL) were added and the mixture was
stirred at room temperature for 4 hr. Water was added to the
reaction mixture and the mixture was stirred. The precipitate
was collected by filtration. To a solution of the obtained solid
in dichloromethane (10 mL) was added trifluoroacetic acid
(1 mL) and the mixture was stirred at room temperature for
14 hr. To the reaction mixture was added saturated aqueous
sodium hydrogen carbonate and the mixture was stirred for
2 hr and extracted 3 times with ethyl acetate. The organic
layers were collected, dried over sodium sulfate, filtered and
concentrated under reduced pressure. The residue was puri-
fied by silica gel column chromatography (methanol:chlo-
roform=0:100-4:96) to give the title compound (360 mg) as
a pale-yellow solid. MS (ESI) m/z: 5903 [M+H]*
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(133-3) methyl [(6S)-4-{4-[6-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)-2,3-dihydro-1H-
indol-1-yl]phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f]
[1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]|acetate
(Example Compound 133)

S

O—

By reaction and treatment in the same manner as in
Example 81 (81-1) and using Example compound 133-2
instead of 3-(t-butoxycarbonyl)pyrrolidine, the title com-
pound was obtained as an orange powder. MS (ESI) m/z:
968.4 [M+H]*

Example 134

(134-1) t-butyl (5-bromo-3,4-dihydroisoquinolin-2
(1H)-yDacetate (Example Compound 134-1)

YK

To a solution of 5-bromo-1,2,3,4-tetrahydroisoquinoline
hydrochloride (500 mg) in acetonitrile (5 mL), N,N-dimeth-
ylformamide (10 mL) were added potassium carbonate (556
mg) and t-butyl bromoacetate (0.332 mL), and the mixture
was stirred at room temperature for 22 hr. Water was added
to the reaction mixture and the mixture was stirred and
extracted twice with ethyl acetate. The organic layers were
collected, dried over sodium sulfate, filtered and concen-
trated under reduced pressure. The residue was purified by

silica gel column chromatography (ethyl acetate:hexane=0:

5
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100-20:80) to give the title compound (570 mg) as a 6

colorless oil. MS (ESI) m/z: 326.1, 328.0 [M+H]"
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(134-2) methyl [(6S)-4-(4-{2-[2-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethyl]-1,2,3,4-
tetrahydroisoquinolin-5-yl }phenyl)-2,3,9-trimethyl-
6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-
6-yl]acetate (Example Compound 134)

By reaction and treatment in the same manner as in
Example 100 (100-2)-(100-3) and using Example compound
134-instead of Example compound 100-1, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 996.4
[M+H]*

Example 135
(135-1) methyl 3-{[(5-bromopyridin-2-yl)oxy]

methyl}bicyclo[1.1.1]pentane-1-carboxylate (Ex-
ample Compound 135-1)

0
N_ _O o
7
Br \|
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A solution of 5-bromo-2-fluoropyridine (0.300 mlL),
methyl 1-(hydroxymethyl)bicyclo[1,1,1]pentane-3-car-
boxylate (500 mg) in N,N-dimethylformamide (5 mL) was
cooled to 0° C., sodium hydride (60%, 129 mg) was added
and the mixture was stirred for 5 hr while allowing the
mixture to naturally warm to room temperature. Water was
added to the reaction mixture and the mixture was stirred
and extracted twice with ethyl acetate. The organic layer was
washed twice with water and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (chloroform:hexane=0:100-70:30) to give
the title compound (123 mg) as a colorless viscous com-
pound. MS (ESI) m/z: 312.2, 314.2 [M+H]*

(135-2) (28,4R)-1-{(28)-2-[(3-{[(5-bromopyridin-2-
yl)oxy]methyl}bicyclo[1.1.1]pentane-1-carbonyl)
amino]-3,3-dimethylbutanoyl}-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 135-2)

Y Oon

\
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To a solution of Example compound 135-1 (123 mg) in
1,2-dimethoxyethane (3 ml) was added 4 M aqueous
lithium hydroxide solution (0.295 mL) and the mixture was
stirred at room temperature for 4 hr. To the reaction mixture
were added 1N hydrochloric acid, chloroform and the mix-
ture was stirred. The aqueous layer was removed by Phase
Separator and the organic layer was concentrated under
reduced pressure. The residue was dissolved in N,N-dim-
ethylformamide (5 mL), and Reference Example compound
5 (189 mg), N,N-diisopropylethylamine (0.340 mL), HATU
(179 mg) were added, and the mixture was stirred at room
temperature for 18 hr. Water was added to the reaction
mixture, the mixture was stirred, and the resulting solid was
collected by filtration. The solid was suspension washed in
water and dried to give the title compound (273 mg) as a
beige solid. MS (ESI) m/z: 724.2, 726.2 [M+H]*

(135-3) methyl {(6S)-4-[4-(6-{[3-({(28)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)bicyclo[1.1.1]
pentan-1-yl]methoxy }pyridin-3-yl)phenyl]-2,3,9-
trimethyl-6H-thieno[3,2-f] [1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl}acetate (Example Compound 135)

N. O
=
- N
S
=
YN \
I\!\ / O

O\

Under an argon stream, Example compound 135-2 (273
mg), Reference Example compound 3 (170 mg), palladium
acetate (7.5 mg), S-phos (28 mg), potassium fluoride (59
mg) and water (22 pl.) were heated under reflux in tetrahy-
drofuran (5 mL) solvent for 5 hr. Using chloroform, the
reaction mixture was filtered through diatomaceous earth,
and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (methanol:chloroform=0:100-5:95) and NH silica gel
column chromatography (methanol:chloroform=0:100-2:
98) and re-purified by silica gel column chromatography
(methanol:chloroform=4:96) to give the title compound
(214 mg) as a white solid. MS (ESI) m/z: 1024.4 [M+H]"

Example 136

(136-1) t-butyl [(5-bromopyrazin-2-yl)oxy]acetate
(Example Compound 136-1)
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Under an argon stream, a solution of t-butyl glycolate
(611 mg) in N,N-dimethylformamide (15 mL.) was cooled to
0° C., sodium hydride (60%, 185 mg) was added and the
mixture was stirred at the same temperature for 30 min.
Then, 2,5-dibromopyrazine (1.00 g) was added and the
mixture was stirred for 4 hr while allowing the mixture to
naturally warm to room temperature. Water was added to the
reaction mixture and the mixture was stirred and extracted
twice with ethyl acetate. The organic layer was washed twice
with water and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
(ethyl acetate:hexane=0:100-15:85) to give the title com-
pound (874 mg) as a white solid.

MS (ESI) m/z: 289.0, 291.0 [M+H]*

);E@

(136-2) [(5-{4-[(6S)-6-(2-methoxy-2-0x0ethyl)-2,3,

9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,

4]diazepin-4-yl]phenyl}pyrazin-2-yl)oxy]acetic acid
hydrochloride (Example Compound 136-2)
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Under an argon stream, Example compound 136-1 (274
mg), Reference Example compound 3 (400 mg), palladium
acetate (18 mg), S-phos (65 mg), potassium fluoride (138
mg) and water (51 pL) were heated under reflux in tetrahy- 3
drofuran (5 mL) solvent for 8 hr. Using chloroform, the
reaction mixture was filtered through diatomaceous earth,
and the filtrate was concentrated under reduced pressure. 0
The residue was purified by silica gel column chromatog-
raphy (methanol:chloroform=0:100-4:96) to give a pale-
yellow viscous compound. The obtained viscous compound
was dissolved in chloroform (1 mL), trifluoroacetic acid (1 15
ml) was added and the mixture was stirred at room tem-
perature for 2 hr. The reaction mixture was concentrated
under reduced pressure, and azeotropically distilled with
toluene. To the residue was slowly added saturated aqueous 20
sodium hydrogen carbonate to set to pH9 and the mixture
was washed twice with ethyl acetate. The aqueous layer was
set to pH4 with 1N hydrochloric acid and extracted twice 5
with ethyl acetate. The organic layer was concentrated under
reduced pressure to give the title compound (99 mg) as a

yellow solid.

MS (ESI) m/z: 533.1 [M+H]* 30
(136-3) methyl [(6S)-4-(4-{5-[2-({(2S)-1-[(2S.4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl) i

phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-y1}amino)-2-oxoethoxy|pyrazin-
2-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 136)
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Example compound 136-2 (99 mg) and Reference 60
Example compound 5 (101 mg), N,N-diisopropylethylamine
(0.151 mL) and HATU (80 mg) were stirred in N,N-
dimethylformamide (5 mL) at room temperature for 14 hr.
Water was added to the reaction mixture and the mixture was o

stirred and extracted twice with ethyl acetate. The organic

360

layer was washed twice with water and concentrated under
reduced pressure. The residue was purified by silica gel
column chromatography (methanol:chloroform=0:100-5:
95) to give the title compound (125 mg) as a white solid. MS
(ESI) m/z: 959.4 [M+H]*

Example 137

(137-1) t-butyl 3-{4-[(6S)-2,3,6,9-tetramethyl-6H-

thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-4-

yl]phenoxy }propanoate (Example Compound 137-
1y

O O
==
S \/i( T<
=
\rN \N
1/

To a mixed solution of Example compound 116-1 (500
mg), t-butyl-3-hydroxy-propanoate (324 mg) and triph-
enylphosphine (620 mg) in tetrahydrofuran (14.8 mlL) was
added dropwise diisopropyl azodicarboxylate (0.86 mlL.),
and the mixture was stirred at room temperature for 27 hr.
The reaction solution was concentrated under reduced pres-
sure to evaporate tetrahydrofuran, water was added, and the

mixture was extracted with ethyl acetate. The organic layer

was washed with saturated aqueous sodium hydrogen car-

OH

@)
Tz

\
Z

bonate and saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure. The residue was purified by silica gel column
chromatography (chloroform:methanol=99:1-94:6) to give
the title compound (169 mg) as a yellow ocher powder. MS
(ESD) m/z: 467.4 [M+H]*
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(137-2) (2S,4R)-1-[(2S)-3,3-dimethyl-2-(3-{4-[(6S)-
2,3,6,9-tetramethyl-6H-thieno[3,2-][1,2,4|triazolo
[4,3-a] [1,4] diazepin-4-yl] phenoxy }propanamido)
butanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl] ethyl}pyrrolidine-2-carboxam-
ide (Example Compound 137)

=

N

),

N\N

To a solution of Example compound 137-1 (166 mg) in
dichloromethane (2.0 ml) was added dropwise, under ice-
cooling, trifluoroacetic acid (2.0 mL), and the mixture was
allowed to naturally warm to room temperature and stirred
for 14 hr. The reaction solution was concentrated under
reduced pressure and azeotropically distilled twice with
toluene. To a solution of the obtained residue (203 mg) and
Reference Example compound 5 (171.1 mg) in N,N-dim-
ethylformamide (3.6 mL.) was added N,N-diisopropylethyl-
amine (0.308 mL), and HATU (203 mg) was added under
ice-cooling, and the mixture was allowed to naturally warm
to room temperature and stirred for 67 hr. To the reaction
solution was added water and the mixture was extracted with
chloroform. The organic layer was washed with water,
saturated aqueous sodium hydrogen carbonate and saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=97:3-92:8-90:10-85:15). The obtained solid was
suspension washed with diethyl ether, collected by filtration
and dried under reduced pressure to give the title compound
(106 mg) as a white solid. MS (ESI) m/z: 837.5 [M+H]*

Example 138

(138-1) t-butyl [2-({(2S)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl }carbamoyl)-1-benzofuran-5-yl]car-
bamate (Example Compound 138-1)

e ab

To a solution of 5-aminobenzofuran-2-carboxylic acid
(300 mg) in tetrahydrofuran (3 mL), water (3 mL) were
added triethylamine (0.26 mL) and di-t-butyl dicarbonate
(406 mg), and the mixture was stirred at room temperature
for 16 hr. To the reaction mixture were added chloroform
and water, the aqueous layer was removed by Phase Sepa-
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HATU (966 mg), N,N-diisopropylethylamine (0.879 mlL.)
were added and the mixture was stirred at room temperature
for 1 hr. Water was added to the reaction mixture is and the
mixture was stirred. The precipitate was collected by filtra-
tion and the obtained solid was purified by silica gel column

rator, and the organic layer was concentrated under reduced 65 chromatography (methanol:chloroform=0:100-4:96) to give

pressure. The residue was dissolved in N,N-dimethylforma-
mide (17 mL), Reference Example compound 5 (896 mg),

the title compound (643 mg) as a pale-yellow solid.
MS (ESI) m/z: 704.7 [M+H]"
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(138-2) (2S,4R)-1-{(2S)-2-[(5-amino-1-benzofuran-
2-carbonyl)amino]-3,3-dimethylbutanoyl }-4-hy-
droxy-N-{(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}pyrrolidine-2-carboxamide hydrochloride
(Example Compound 138-2)

OH

N HN

=z

HCl

To a solution of Example compound 138-1 (643 mg) in
methanol (2 mL), ethanol (2 mL) was added 4 M hydrogen
chloride/ethyl acetate solution (5 mL) and the mixture was
stirred for 2 hr. The reaction mixture was concentrated under
reduced pressure to give the title compound (715 mg) as a
pale-yellow solid. MS (ESI) m/z: 604.3 [M+H]*

(138-3) methyl [(6S)-4-{4-[3-{[2-({(28)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)-1-benzofuran-5-
yl]carbamoyl }pyrrolidin-1-yljphenyl}-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 138-3)

S
=
\
N N
) 0
N
O\

To a solution of Example compound 81-1 (600 mg) in
chloroform (4 ml.) was added, under ice-cooling, trifluoro-
acetic acid (2 mL), and the mixture was stirred at room
temperature for 22 hr. The reaction mixture was diluted with
chloroform and the solvent was evaporated under reduced
pressure. To the residue was added toluene and the mixture
was concentrated under reduced pressure. This operation
was performed twice to give an orange viscous compound
(1.1 g). The obtained viscous compound (311 mg) was
dissolved in N,N-dimethylformamide (2 mL), compound
138-2 (328 mg), N,N-diisopropylethylamine (0.890 mL),
HATU (584 mg) were added and the mixture was stirred at
room temperature for 21 hr. Water was added to the reaction
mixture and the mixture was stirred. The precipitate was
collected by filtration and the obtained solid was purified by
NH silica gel column chromatography (methanol:chloro-
form=0:100-4:96) and silica gel column chromatography
(methanol:chloroform=0:100-10:90) to give the title com-
pound as an orange powder.

MS (ESI) m/z: 1079.4 [M+H]*
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(138-4) methyl [(6S)-4-{4-[(35)-3-{[2-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}carbamoyl)-1-
benzofuran-5-yl]carbamoyl}pyrrolidin-1-yl]phenyl} -
2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a][1,4]diazepin-6-yl]acetate (Example Compound
138)

O~

Example compound 138-3 (135 mg) was resolved by a
chiral column [CHIRALPAK IC (30%250), ethanol:metha-
nol:tetrahydrofuran:diethylamine=40:40:20:0.1]. The frac-
tion obtained later was purified by NH silica gel column
chromatography (methanol:chloroform=0:100-5:95) to give
the title compound (50 mg) as a yellow powder.

MS (ESI) m/z: 1079.4 [M+H]*

Example 139

(139-1) methyl [(6S)-4-{4-[(BR)-3-{[2-({(29)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}carbamoyl)-1-
benzofuran-5-yl]carbamoyl}pyrrolidin-1-yl]phenyl} -
2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a][1,4]diazepin-6-yl]acetate (Example Compound
139)

O\

Example compound 138-3 (135 mg) was resolved by a
chiral column [CHIRALPAK IC (30%250), ethanol:metha-
nol:tetrahydrofuran:diethylamine=40:40:20:0.1]. The frac-
tion obtained earlier was purified by NH silica gel column

542,273 B2
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chromatography (methanol:chloroform=0:100-5:95) to give 65

the title compound (46 mg) as a yellow powder.
MS (ESI) m/z: 1079.4 [M+H]*
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Example 140

(140-1) (28,4R)-1-{(2S)-2-[(5-{2-[ (azetidine-3-car-
bonyl)amino]ethoxy }-1-benzofuran-2-carbonyl)
amino]-3,3-dimethylbutanoyl }-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example

Compound 140-1)
(6]
HNVXM

By reaction and treatment in the same manner as in
Example 133 (133-2) and using N-(t-butoxycarbonyl)-aze-
tidine-3-carboxylic acid instead of Example compound 133-
1, and Example compound 42-1 instead of Reference
Example compound 5, the title compound was obtained as
a pale-yellow powder.

MS (ESI) m/z: 731.3 [M+H]*

Tz,
o

(140-2) methyl [(6S)-4-(4-{3-[(2-{[2-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}carbamoyl)-1-
benzofuran-5-yl]oxy }ethyl)carbamoyl]azetidin-1-
yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 140)

0
0 0 N N
/\/ o H N
g 5
N

By reaction and treatment in the same manner as in

Example 81 (81-1) and using Example compound 140-1
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instead of 3-(t-butoxycarbonyl)pyrrolidine, the title com- 65

pound was obtained as a white solid. MS (ESI) m/z: 1109.3
[M+H]*
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Example 141

(141-1) [5-({(28)-1-[(2S,4R)-4-hydroxy-2-({(1S)-1-
[4-(4-methyl-1,3-thiazol-5-y1l)phenyl|
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl }carbamoyl)thiophen-2-yl]boronic
acid (Example Compound 141-1)

H

o H
HO\ 4<SJ)‘\N I\%
B H
oo\ o )\Q\(L
W

5-Carboxythiophene-2-boronic acid pinacol ester (190

e}

mg) and Reference Example compound 5 (300 mg), N,N-
diisopropylethylamine (0.325 ml) and HATU (285 mg)
were stirred in N,N-dimethylformamide (5 mL) at room
temperature for 15 hr. Water was added to the reaction
mixture and the mixture was stirred and extracted 3 times
with ethyl acetate. The organic layer was washed twice with
water and concentrated under reduced pressure. Then, chlo-
roform was added to the aqueous layer and the mixture was
extracted 3 times and the extract was concentrated under
reduced pressure. The obtained solids were combined, and
small amounts of chloroform and diisopropyl ether were
added to suspend and wash the solids. The solids were dried
under reduced pressure to give a white solid (449 mg)
containing the title compound. MS (EST) m/z: 599.2 [M+H]*

(141-2) methyl [(6S)-4-{4-[5-({(28)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)thiophen-2-yl]
phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 141)
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Under an argon stream, Example compound 141-1 (449
mg), Reference Example compound 1 (200 mg), palladium
acetate (11 mg), S-phos (40 mg), potassium fluoride (84 mg)
and water (0.031 mlL) were heated under reflux in tetrahy-
drofuran (5 mL) solvent for 24 hr. Using chloroform, the
reaction mixture was filtered through diatomaceous earth,
and the filtrate was concentrated under reduced pressure.
The residue was purified by NH silica gel column chroma-
tography (methanol:chloroform=0:100-2:98) and silica gel
column chromatography (methanol:ethyl acetate=0:100-10:
90) to give the title compound (57 mg) as a white solid.

MS (ESI) m/z: 933.9 [M+H]*

Example 142

(142-1) 5-{[1-(t-butoxycarbonyl)pyrrolidin-3-yl]
oxy }-1-benzofuran-2-carboxylic acid (Example
Compound 142-1)

0 \ OH
o/g
A

Under an argon stream, a solution of Example compound
25-2 (305 mg), 1-(t-butoxycarbonyl)-3-pyrrolidinol (356
mg) and triphenylphosphine (500 mg) in tetrahydrofuran (8
ml.) was cooled to 0° C., 40% diisopropyl azodicarboxylate/
toluene solution (1 ml) was added and the mixture was
stirred at room temperature for 18 hr. Water was added to the
reaction mixture and the mixture was stirred and extracted 3
times with ethyl acetate. The organic layer was washed with
saturated brine and dried over sodium sulfate, filtered and
the filtrate was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography
(ethyl acetate:hexane=20:80-40:60). To a suspension of the
obtained compound in 1,2-dimethoxyethane (10 mL) were
added 4 M aqueous lithium hydroxide solution (1.2 mL),
water (6 mL) and the mixture was stirred at room tempera-
ture for 18 hr. The reaction mixture was partitioned between
water and ethyl acetate, 1N hydrochloric acid was added to
the aqueous layer and the mixture was extracted 3 times with
ethyl acetate. The organic layers were collected, dried over
sodium sulfate, filtered and the filtrate was concentrated

under reduced pressure to give the title compound (464 mg)

as a white solid.

MS (ESI) m/Z: 364.1 [M-H]"-
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(142-2) (2S,4R)-1-[(2S)-3,3-dimethyl-2-({5-[(pyrro-
lidin-3-yl)oxy]-1-benzofuran-2-carbonyl }amino)
butanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }pyrrolidine-2-carboxamide
(Example Compound 142-2)

OH

Example compound 142-1 (200 mg) was dissolved in
N,N-dimethylformamide (2 mL), and Reference Example
compound 5 (305 mg), HATU (328 mg) and N,N-diisopro-
pylethylamine (0.3 mL) were added and the mixture was
stirred at room temperature for 1 hr. Water was added to the
reaction mixture and the mixture was stirred. The precipitate
was collected by filtration. To a solution of the obtained solid
in dichloromethane (2 mL) was added trifluoroacetic acid (1
ml) and the mixture was stirred at room temperature for 2
hr. The reaction mixture was concentrated, saturated aque-
ous sodium hydrogen carbonate was added to the residue
and the mixture was extracted 3 times with chloroform. The
organic layers were collected, dried over sodium sulfate,
filtered and concentrated under reduced pressure. The resi-
due was purified by silica gel column chromatography
(methanol:ethyl acetate=10:90-20:80) to give the title com-
pound (228 mg) as a pale-yellow powder.

MS (ESI) m/z: 674.3 [M+H]*

(142-3) methyl [(6S)-4-{4-[3-{[2-({(28)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)-1-benzofuran-5-
yl]oxy }pyrrolidin-1-yl]phenyl }-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 142-3)
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Under an argon stream, Example compound 142-2 (228
mg), Reference Example compound 1 (120 mg), tris(diben-
zylideneacetone)dipalladium(0) (26.5 mg), t-BuXphos (24.6
mg) and potassium phosphate (184 mg) were heated under
reflux in tetrahydrofuran (3 mL) solvent for 6 hr. Using ethyl
acetate, the reaction mixture was filtered through diatoma-
ceous earth, and the filtrate was concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (methanol:chloroform=0:100-2:98) to give
the title compound (229 mg) as a yellow solid. MS (ESI)
m/z: 1052.4 [M+H]*
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(142-4) methyl [(6S)-4-{4-[(BR)-3-{[2-({(29)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}carbamoyl)-1-
benzofuran-5-ylJoxy }pyrrolidin-1-yl]phenyl}-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a] [1,4]
diazepin-6-yl]acetate (Example Compound 142)

T

N
\N 0

O~

Example compound 142-3 (225 mg) was resolved by a
chiral column [CHIRALPAK ID (30%*250), ethanol:tetrahy-
drofuran:diethylamine=77:23:0.1]. The fraction obtained
earlier was purified by silica gel column chromatography
(methanol:chloroform=0:100-5:95) to give the title com-
pound (47 mg) as a yellow solid.

MS (ESI) m/z: 1052.4 [M+H]*

Example 143

(143-1) methyl [(6S)-4-{4-[(3S)-3-{[2-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}carbamoyl)-1-
benzofuran-5-ylJoxy }pyrrolidin-1-yl]phenyl}-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a] [1,4]
diazepin-6-yl]acetate (Example Compound 143)

WQ
b,

N
\N (o)

O~

Example compound 142-3 (225 mg) was resolved by a
chiral column [CHIRALPAK ID (30%*250), ethanol:tetrahy-
drofuran:diethylamine=77:23:0.1]. The fraction obtained
later was purified by silica gel column chromatography
(methanol:chloroform=0:100-5:95) to give the title com-
pound (52 mg) as a yellow solid. MS (ESI) n/z: 1052.3
[M+H]*
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Example 144

(144-1) t-butyl (4-bromo-1H-indazol-1-yl)acetate
(Example Compound 144-1A) and t-butyl
(4-bromo-2H-indazol-2-yl)acetate (Example Com-
pound 144-1B)

Ak

/
Br Q ;
N (¢]
o 7
N
ey
Br

4-Bromo-1H-indazole (1.00 g) was dissolved in N,N-
dimethylformamide (25 mL), t-butyl bromoacetate (0.94
ml) and potassium carbonate (1.18 g) were added and the
mixture was stirred at 100° C. for 3 hr. To the reaction
mixture was added ice water and the mixture was stirred.
Hexane:ethyl acetate=1:1 was added and the organic layer
was extracted. The aqueous layer was extracted again with
hexane:ethyl acetate=1:1 and the organic layers were col-
lected and washed twice with water, washed with saturated
brine, and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane:ethyl
acetate=90:10-80:20) to give the title compound (Example
compound 144-1A, 508 mg), (Example compound 144-1B,
289 mg) each as a yellow white solid.

MS (ESI) m/z: 311.1 [M+H]* (Example compound 144-
1A), MS (ESD) nv/z: 311.1 [M+H]* (Example compound
144-1B)

(144-2) methyl [(6S)-4-(4-{1-[2-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]-1H-
indazol-4-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 144)

20

25

35

0

/_< \\OH

N HN !

\ N,
N
0
0 N
H

376

By reaction and treatment in the same manner as in
Example 52 (52-1)-(52-3) and using Example compound
144-1A instead of 4-bromo-3-chlorophenol, the title com-
pound was obtained as a yellow-white solid. MS (ESI) m/z:
981.4 [M+H]"

Example 145

(145-1) t-butyl (7-bromo-2H-indazol-2-yl)acetate
(Example Compound 145-1)

Br o >£
N _>—O
=\
N
e

7-Bromo-1H-indazole (0.93 g) was dissolved in N,N-
dimethylformamide (25 mL), and t-butyl bromoacetate
(0.89 mL) and potassium carbonate (1.08 g) were added and
the mixture was stirred at 100° C. for 4 hr. To the reaction
mixture was added ice water, and the mixture was stirred.
Hexane:ethyl acetate=1:1 was added and the organic layer
was extracted. The aqueous layer was extracted again with
hexane:ethyl acetate=1:1 and the organic layers were col-
lected and washed twice with water, washed with saturated
brine and dried over anhydrous sodium sulfate. The solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane:ethyl
acetate=95:5-75:25) to give the title compound (1.04 g) as a

yellow solid.

MS (ESI) m/z: 311.1 [M+H]*

SN
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(145-2) methyl [(6S)-4-(4-{2-[2-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]-2H-
indazol-7-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 145)

By reaction and treatment in the same manner as in
Example 52 (52-1)-(52-3) and using Example compound
145-1 instead of 4-bromo-3-chlorophenol, the title com-
pound was obtained as a yellow solid. MS (ESI) m/z: 981.5
[M+H]*

Example 146

(146-1) t-butyl (7-bromo-2-0x0-3,4-dihydroquino-
lin-1(2H)-yl)acetate (Example Compound 146-1)

Br N (6]

7-Bromo-3,4-dihydro-1H-quinolin-2-one (500 mg) was
dissolved in tetrahydrofuran (15 mL), and sodium hydride
(60%, 80 mg) was added under ice-cooling. After stirring for
10 min, t-butyl bromoacetate (0.58 mL.) was added and the
mixture was stirred at room temperature for 17 hr. To the
reaction mixture were added saturated aqueous ammonium
chloride solution and water and the mixture was extracted
with ethyl acetate. The organic layer was washed with
saturated aqueous sodium hydrogen carbonate and saturated

brine and dried over anhydrous sodium sulfate, and the
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solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane:
ethyl acetate=95:5-75:25) to give the title compound (879
mg) as a white solid. 'H NMR (400 MHz, CDCl,) dppm
1.47 (9H, s), 2.69 (2H, m), 2.90 (2H, m), 4.54 (2H, s), 6.88
(1H, d, J=2.1 Hz), 7.04 (1H, d, I=7.7 Hz), 7.14 (1H, dd,
J=7.7, 2.1 Hz)

(146-2) methyl [(6S)-4-{4-[1-(2-t-butoxy-2-0x0-
ethyl)-2-ox0-1,2,3,4-tetrahydroquinolin-7-yl|phe-
nyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo
[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 146-2)

To a mixture of Reference Example compound 3 (162
mg), Example compound 146-1 (128 mg), potassium fluo-
ride (55 mg), S-phos (39 mg), palladium acetate (14 mg) in
tetrahydrofuran (6.0 mL) was added water (20 uL) and the
mixture was stirred at 85° C. for 18 hr. To the reaction
mixture were added ice water and saturated brine and the
mixture was extracted with chloroform. The aqueous layer
was extracted 3 times with chloroform. The organic layers
were collected, dried over anhydrous sodium sulfate, and the
solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-96:4) to give a crudely purified title
compound (196 mg) as a yellow solid.

MS (ESI) m/z: 640.4 [M+H]"
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(146-3) methyl [(6S)-4-(4-{1-[2-({(2S9)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]-2-0xo-1,
2,3 4-tetrahydroquinolin-7-y1}phenyl)-2,3,9- 5
trimethyl-6H-thieno[3,2-f] [1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 146)

=z

Example compound 146-2 (190 mg) was dissolved in
dichloromethane (2.0 mL), trifluoroacetic acid (2.0 mL) was
added under ice-cooling and the mixture was stirred at room
temperature for 3 hr. To the reaction mixture was added
toluene and toluene was evaporated under reduced pressure.
This was repeated 3 times and the mixture was dried under
reduced pressure at 60° C. The residue was dissolved in
N,N-dimethylformamide (3.0 mL), N,N-diisopropylethyl-
amine (0.26 mL), Reference Example compound 5 (172
mg), HATU (182 mg) were added under ice-cooling and the
mixture was stirred at room temperature for 16 hr. To the
reaction mixture were added ice water and saturated brine
and the mixture was extracted with chloroform. The aqueous
layer was extracted twice with chloroform. The organic

layers were collected and, after drying over anhydrous ,s

sodium sulfate, the solvent was evaporated under reduced
pressure, and the residue was purified by NH silica gel
column chromatography (ethyl acetate:methanol=100:0-80:
20), silica gel column chromatography (ethyl acetate:metha-

nol=100:0-80:20) to give the title compound (128 mg) as a 50

white solid.
MS (ESI) m/z: 1010.4 [M+H]*

Example 147

55

(147-1) t-butyl (8-bromo-3,4-dihydroisoquinolin-2
(1H)-yDacetate (Example Compound 147-1)
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t-Butyl 8-bromo-3,4-dihydro-1H-isoquinoline-2-car-
boxylate (300 mg) was dissolved in dichloromethane (3.0
mL), trifluoroacetic acid (2.0 ml) was added under ice-
cooling and the mixture was stirred at room temperature for
1 hr. To the reaction mixture was added toluene and toluene
was evaporated under reduced pressure. This was repeated 3
times and the mixture was dried under reduced pressure at

WOH

N

NS

30 60° C. The residue was dissolved in acetonitrile (5.0 mL)

and t-butyl bromoacetate (0.25 mlL) and cesium carbonate
(470 mg) were added and the mixture was stirred at 80° C.
for 1 hr. To the reaction mixture were added ice water and
saturated brine and the mixture was extracted with ethyl

35 acetate, and the extract was washed with saturated brine, and

dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure, and the residue was
purified by silica gel column chromatography (hexane:ethyl
acetate=100:0-80:20) to give the title compound (190 mg) as
a pale-yellow oil. MS (ESI) m/z: 326.1 [M+H]*

(147-2) methyl [(6S)-4-{4-[2-(2-t-butoxy-2-0x0-
ethyl)-1,2,3,4-tetrahydroisoquinolin-8-yl|phenyl}-2,
3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a]
[1,4]diazepin-6-yl]acetate (Example Compound
147-2)

To a mixture of Reference Example compound 3 (243
mg), Example compound 147-1 (190 mg), potassium fluo-
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ride (80 mg), S-phos (59 mg) and palladium acetate (22 mg)

in tetrahydrofuran (6.0 mL) was added water (30 pL.) and the
mixture was stirred at 85° C. for 18 hr. To the reaction
mixture were added ice water and saturated brine and the
mixture was extracted with chloroform, and the aqueous
layer was extracted 3 times with chloroform. The organic
layers were collected, dried over anhydrous sodium sulfate,
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=100:0-95:5) to give a crudely puri-
fied title compound (220 mg) as a yellow solid. MS (ESI)
m/z: 626.4 [M+1-11*

(147-3) methyl [(6S)-4-(4-{2-[2-({(2S9)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethyl]-1,2,3,4-
tetrahydroisoquinolin-8-yl }phenyl)-2,3,9-trimethyl-
6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-
6-yl]acetate (Example Compound 147)

Example compound 147-2 (210 mg) was dissolved in
dichloromethane (2.0 mL), trifluoroacetic acid (2.0 mL) was
added under ice-cooling and the mixture was stirred at room
temperature for 3 hr. To the reaction mixture was added
toluene and toluene was evaporated under reduced pressure.
This was repeated 3 times and the mixture was dried under
reduced pressure at 60° C. The residue was dissolved in
N,N-dimethylformamide (3.0 mL), N,N-diisopropylethyl-
amine (0.44 mL), Reference Example compound 5 (195
mg), HATU (207 mg) were added under ice-cooling and the
mixture was stirred at room temperature for 16 hr. To the
reaction mixture were added ice water and saturated brine
and the mixture was extracted with chloroform. The aqueous
layer was extracted twice with chloroform. The organic
layers were collected and, after drying over anhydrous
sodium sulfate, the solvent was evaporated under reduced
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pressure, and the residue was purified by NH silica gel
column chromatography (ethyl acetate:methanol=100:0-80:
20), silica gel column chromatography (ethyl acetate:metha-
nol=100:0-80:20) to give the title compound (142 mg) as a
white solid.

MS (ESI) m/z: 996.5 [M+H]"

Example 148

(148-1) methyl [(6S)-4-{4-[4-(hydroxymethyl)pip-
eridin-1-yl]phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f]
[1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate (Ex-

ample Compound 148-1)

OH
N
=
S
20 =
N \
l N
Ne N/ o
25
O
on
/

{

A mixture of 4-piperidinylmethanol (333 mg), Reference
Example compound 1 (500 mg), tris(dibenzylideneacetone)
dipalladium(0) (110 mg), t-BuXphos (102 mg), potassium
phosphate (767 mg) and tetrahydrofuran (12.0 mL) was
stirred at 80° C. for 1 hr. The insoluble material in the
reaction mixture was filtered off through diatomaceous
earth, water was added to the filtrate, and the mixture was
extracted with chloroform, and the extract was dried over
anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The obtained residue
was purified by silica gel column chromatography (chloro-
form:methanol=98:2-95:5) to give the title compound (425
mg) as a yellow solid. MS (ESI) m/z: 494.3 [M+H]"
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(148-2) methyl {(6S)-4-[4-(4-formylpiperidin-1-y1)
phenyl]-2,3,9-trimethyl-6H-thieno[3,2-{][1,2,4]tri-
azolo[4,3-a] [1,4]diazepin-6-yl}acetate (Example
Compound 148-2)

To a solution of Example compound 148-1 (200 mg) in
dichloromethane (4.0 mL) was added 1,1,1-triacetoxy-1,1-
dihydro-1,2-benziodoxol-3-(1H)-one (Dess-Martin reagent,
206 mg), and the mixture was stirred at room temperature
for 30 min. The reaction mixture was concentrated, saturated
aqueous sodium hydrogen carbonate and saturated aqueous
sodium thiosulfate solution were added to the residue, and
the mixture was extracted with ethyl acetate, and the extract
was washed with saturated aqueous sodium hydrogen car-
bonate, dried over anhydrous sodium sulfate and filtered.
The solvent was evaporated under reduced pressure. The
obtained residue was purified by silica gel column chroma-
tography (chloroform:methanol=100:0-95:5) to give the title
compound (173 mg) as a yellow solid. MS (ESI) m/z: 492.3
[M+H]*

384
(148-3) 1-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]phenyl}piperidine-4-carboxylic acid
(Example Compound 148-3)

w

(€]
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To a solution of Example compound 148-2 (170 mg) and
’s 2-methyl-but-2-ene (0.088 mL) in acetonitrile (3.0 mL) was

added a solution of sodium chlorite (59 mg) and sodium
dihydrogen phosphate (62 mg) in water (1.0 mL), and the
mixture was stirred at room temperature for 30 min. To the
reaction mixture were added a solution of sodium chlorite
(12 mg) and sodium dihydrogen phosphate (12 mg) in water
(0.5 mL), 2-methyl-but-2-ene (0.022 mL), and the mixture
was further stirred for 30 min. The reaction mixture was
concentrated, water was added to the residue and the mixture
was extracted with ethyl acetate, and the extract was dried
over anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The obtained residue
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-90:10) to give the title compound
(173 mg) as a yellow solid.
MS (ESI) m/z: 508.3 [M+H]*

(148-4) methyl {(6S)-4-[4-(4-{[cis-3-{[2-({(29)-1-

[(2S,4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-

thiazol-5-yl)phenyl]ethyl}carbamoyl)pyrrolidin-1-

yl]-3,3-dimethyl-1-oxobutan-2-yl}carbamoyl)-1-
benzofuran-5-yljoxy }cyclobutyl]
carbamoyl}piperidin-1-yl)phenyl]-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl}acetate (Example Compound 148)
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To a solution of Example compound 148-3 (50 mg),
Example compound 83-5 66 mg), N,N-dimethylformamide
(1.0 mL) and N,N-diisopropylethylamine (0.085 mL) was
added, under ice-cooling, HATU (75 mg) and the mixture
was stirred at room temperature for 3 hr. Under ice-cooling,
to the reaction mixture was added saturated aqueous sodium
hydrogen carbonate, and the mixture was extracted with
chloroform. The organic layers were combined and washed
with water and the solvent was evaporated under reduced
pressure. The obtained residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-90:
10) and NH silica gel column chromatography (ethyl
acetate:methanol=100:0-88:12) to give the title compound
(56 mg) as a yellow solid. MS (ESI) m/z: 1161.6 [M-H|~

Example 149

(149-1) (2S,4R)-1-{(2S)-2-[(5-{[trans-3-aminocy-
clobutyl]oxy}-1-benzofuran-2-carbonyl)amino]-3,3-
dimethylbutanoyl}-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 149-1)

‘\\\O H
LT D
N 0 O
O N

//—S
N

QH

O

NH

By reaction and treatment in the same manner as in
Example 83 (83-1)-(83-4), (42-1) and using cis-t-butyl 3-hy-
droxycyclobutylcarbamate instead of trans-t-butyl 3-hy-
droxycyclobutylcarbamate, the title compound was obtained
as a pale-yellow solid. MS (ESI) m/z: 674.7 [M+H]*

(149-2) methyl {(6S)-4-[4-(4-{[trans-3-{[2-({(2S)-
1-[(28,4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-y1}carbamoyl)-1-
benzofuran-5-yljoxy }cyclobutyl]
carbamoyl}piperidin-1-yl)phenyl]-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl}acetate (Example Compound 149)
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To a solution of Example compound 148-3 (50 mg),
Example compound 149-1 (66 mg), N,N-dimethylforma-
mide (3.0 mL) and N,N-diisopropylethylamine (0.085 mL)
was added, under ice-cooling, HATU (75 mg) and the
mixture was stirred at room temperature for 1 hr. Under
ice-cooling, saturated aqueous sodium hydrogen carbonate
was added to the reaction mixture and the mixture was
extracted with chloroform. The organic layer was combined
and washed with water, and the solvent was evaporated
under reduced pressure. The obtained residue was purified
by NH silica gel column chromatography (ethyl acetate:
methanol=100:0-88:12) to give the title compound (99 mg)
as a yellow solid.

MS (ESI) m/z: 1161.6 [M-H]~

Example 150

(150-1) benzyl
1,2,3,4-tetrahydroquinoline-7-carboxylate (Example
Compound 150-1)

%oﬂ

Methyl 1,2,3,4-tetrahydroquinoline-7-carboxylate (480
mg) was dissolved in tetrahydrofuran (25 mL), 2.0 M
aqueous lithium hydroxide solution (6.3 mL) and methanol
(12.6 mL) were added and the mixture was stirred at room
temperature for 17 hr. 2.0 M Aqueous lithium hydroxide
solution (6.3 mL), methanol (6.0 mL) were added and the
mixture was stirred at room temperature for 6 hr. Again, 2.0
M aqueous lithium hydroxide solution (2.5 mL) was added
and the mixture was stirred at room temperature for 2 hr. The
reaction mixture was concentrated under reduced pressure,
toluene was added and toluene was evaporated under
reduced pressure. This was repeated two times, and the
mixture was dried under reduced pressure at 60° C. The
residue was dissolved in N,N-dimethylformamide (12.6 mL)
and the insoluble material was filtered off, benzyl alcohol
(0.78 mL), N,N-diisopropylethylamine (1.3 mL), HATU
(191 g) were added and the mixture was stirred at room

H
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Y N LatQOH
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temperature for 24 hr. To the reaction mixture were added
water and saturated brine and the mixture was extracted with
ethyl acetate, and the extract was washed 3 times with water,
and washed with saturated brine. After drying over anhy-
drous sodium sulfate, the solvent was evaporated under
reduced pressure, and the residue was purified by silica gel
column chromatography (hexane:ethyl acetate=95:5-60:40)
to give triazolo[4,5-b]pyridin-3-yl 1,2,3,4-tetrahydroquino-
line-7-carboxylate as a crudely purified form (417 mg). This
was dissolved in tetrahydrofuran (20 mL), benzyl alcohol
was added and the mixture was stirred at 85° C. for 16 hr.
Under ice-cooling, sodium hydride (60%, 90 mg) was added
and the mixture was stirred at room temperature for 1 hr. To
the reaction mixture was added ice water and the mixture
was extracted with ethyl acetate, and the extract was washed
with saturated brine, dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure, and the
residue was purified by silica gel column chromatography
(hexane:ethyl acetate=100:0-95:5) and then by silica gel
column chromatography (chloroform:methanol=100:0-99:
1) to give the title compound (350 mg) as a yellow-white
solid.
MS (ESI) m/z: 268.1 [M+1-1]*

(150-2) benzyl 1-{4-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-yl]phenyl }-1,2,3 4-tetra-
hydroquinoline-7-carboxylate (Example Compound

150-2)
N
NS
S
/
T
o 0
Ne N/ o
O

A mixture of Reference Example compound 1 (500 mg),
Example compound 150-1 (340 mg), tris(dibenzylideneac-
etone)dipalladium(0) (44 mg), 2-di-t-butylphosphino-2',4",
6'-triisopropylbiphenyl (41 mg), potassium phosphate (765
mg) in tetrahydrofuran (6.0 mlL) was stirred at 85° C. for 64
hr. To the reaction mixture were added ice water and
saturated brine and the mixture was extracted with chloro-

form, and the aqueous layer was extracted 3 times with
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chloroform. The organic layers were collected, dried over
anhydrous sodium sulfate, and the solvent was evaporated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=100:0-
95:5) to give a crudely purified title compound (265 mg) as
a brown solid. MS (ESI) m/z: 646.4 [M+H]*

(150-3) methyl [(6S)-4-{4-[7-({(28)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)-3,4-
dihydroquinolin-1(2H)-yl]phenyl }-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-
6-yl]acetate (Example Compound 150)

H
N
N N
o g
(@]
N
H
(@]
/ / SN /
(@)
S ——
N
N N
/4\/N \/
N

Example compound 150-2 (210 mg) was dissolved in
methanol (4.0 mL), 10% palladium carbon (33 mg) was
added and the mixture was stirred under a hydrogen atmo-
sphere for 14 hr. Furthermore, 10% palladium carbon (33
mg) was added and the mixture was stirred under a hydrogen
atmosphere for 4 hr. The reaction mixture was filtered
through diatomaceous earth, and the solvent was evaporated
under reduced pressure and the residue was dried under
reduced pressure at 60° C. The residue was dissolved in
N,N-dimethylformamide (4.0 mL), N,N-diisopropylethyl-
amine (0.35 mL), Reference Example compound 5 (233
mg), HATU (230 mg) were added under ice-cooling and the
mixture was stirred at room temperature for 1 hr. To the
reaction mixture was added ice water and the mixture was
stirred. Water and saturated brine were added and the
mixture was extracted with chloroform. The aqueous layer
was extracted twice with chloroform, and the organic layers
were collected. After drying over anhydrous sodium sulfate,
the solvent was evaporated under reduced pressure, and the
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=100:0-80:20), silica gel col-
umn chromatography (ethyl acetate:methanol=100:0-80:20)
to give the title compound (68 mg) as a yellow solid.

MS (ESI) m/z: 982.5 [M+H]"
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Example 151

(151-1) benzyl [(2,3-dihydro-1H-indol-5-yl)oxy]
acetate trifluoroacetate (Example Compound 151-1)

Tz

HO

t-Butyl 5-hydroxyindoline-1-carboxylate (300 mg) was
suspended in acetonitrile (6.4 mL), benzyl bromoacetate
(0.30 mL) and cesium carbonate (500 mg) were added and
the mixture was stirred at 80° C. for 2 hr. The reaction
mixture was allowed to cool, ice water was added, and the
mixture was extracted with ethyl acetate. The aqueous layer
was extracted with ethyl acetate, and the organic layers were
collected and washed with saturated brine, and dried over
anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure. The residue was dissolved in dichlo-
romethane (3.0 mL), trifluoroacetic acid (1.5 mL) was added
under ice-cooling and the mixture was stirred at room
temperature for 3 hr. To the reaction mixture was added
toluene and toluene was evaporated under reduced pressure.
This was repeated 3 times, and the residue was purified by
silica gel column chromatography (chloroform:metha-
nol=100:0-85:15) to give the title compound (494 mg) as a
brown solid. MS (ESI) nv/z: 284.1 [M+H]*
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(151-2) methyl [(6S)-4-(4-{5-[2-(benzyloxy)-2-0x0-
ethoxy]-2,3-dihydro-1H-indol-1-y1}phenyl)-2,3,9-
trimethyl-6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 151-2)

~ N
R 0

- 0

\7/N |
i N 0
N/
N 0
O

Reference Example compound 1 (300 mg), Example
compound 151-1 (250 mg), tris(dibenzylideneacetone)dipal-
ladium(0) (33 mg), 2-di-t-butylphosphino-2',4',6'-triisopro-
pylbiphenyl (33 mg) and potassium phosphate (460 mg)
were added to tetrahydrofuran (6.0 mL) and the mixture was
stirred at 85° C. for 16 hr. To the reaction mixture were
added ice water and saturated brine, water and the mixture
was extracted with chloroform, and the aqueous layer was
extracted twice with chloroform. The organic layers were
collected, dried over anhydrous sodium sulfate, and the
solvent was evaporated under reduced pressure. The residue
was purified by silica gel column chromatography (chloro-
form:methanol=100:0-95:5) to give the title compound as a
crudely purified red viscous compound (285 mg). MS (ESI)
m/z: 662.4 [M+H]*

(151-3) methyl [(6S)-4-(4-{5-[2-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-2-oxoethoxy]-2,3-
dihydro-1H-indol-1-yl}phenyl)-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 151)

o)
o) \/( OH
\ .
X N
o}
0 N
H
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Example compound 151-2 (280 mg) was dissolved in

methanol (4.0 mL), 10% palladium carbon (33 mg) was
added and the mixture was stirred under a hydrogen atmo-
sphere for 16 hr. The reaction mixture was filtered through
diatomaceous earth, the solvent was evaporated under
reduced pressure and the residue was dried under reduced
pressure at 60° C. The residue was dissolved in N,N-
dimethylformamide (4.0 mL), and N,N-diisopropylethylam-
ine (0.22 mL), Reference Example compound 5 (244 mg),
HATU (262 mg) were added under ice-cooling and the
mixture was stirred at room temperature for 2 hr. To the
reaction mixture was added ice water and the mixture was
stirred. Saturated brine was added and the mixture was
extracted with chloroform. The aqueous layer was extracted
twice with chloroform, and the organic layers were collected
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure, and the residue was
purified by NH silica gel column chromatography (ethyl
acetate:methanol=100:0-80:20), silica gel column chroma-
tography (ethyl acetate:methanol=100:0-80:20) to give the
title compound (240 mg) as a yellow solid. MS (ESI) m/z:
998.5 [M+H]*

Example 152

(152-1) methyl [(6S)-4-{4-[4-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)piperidin-1-yl]
phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 152)

By reaction and treatment in the same manner as in
Example 97 (97-1)-(97-2) and using t-butyl isonipecotate
hydrochloride instead of t-butyl 2-(4-piperidyl)acetate, the
title compound was obtained as a yellow solid.

MS (ESI) m/z: 934.4 [M+H]*
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Example 153

(153-1) t-butyl 1-{4'-[(6S)-6-(2-methoxy-2-0x0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-][1,2,4 ]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-
carbonyl }piperidine-4-carboxylate (Example
Compound 153-1)

Reference Example compound 90-1 (120 mg) and t-butyl
piperidine-4-carboxylate hydrochloride (65 mg) were dis-
solved in N ,N-dimethylformamide (2.4 mL), N,N-diisopro-
pylethylamine (0.21 mL) and HATU (170 mg) were added
under ice-cooling and the mixture was stirred at room
temperature for 16 hr. To the reaction mixture were added
ice water, saturated aqueous sodium hydrogen carbonate,
ethyl acetate and the mixture was stirred. The organic layer
was extracted. The aqueous layer was to extracted twice
with ethyl acetate and the organic layers were collected and
washed twice with saturated brine:water=1:1, and washed

with saturated brine. After drying over anhydrous sodium

OH

sulfate, the solvent was evaporated under reduced pressure,
and the residue was purified by silica gel column chroma-
tography (chloroform:methanol=100:0-95:5) to give the title
compound (160 mg) as a pale-yellow solid.

MS (ESI) m/z: 668.5 [M+H]"
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(153-2) methyl [(6S)-4-{4'-[4-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)piperidine-1-
carbonyl][1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl]acetate (Example Compound 153)

e}

Example compound 153-1 (150 mg) was dissolved in
dichloromethane (1.5 mL), trifluoroacetic acid (1.5 mL) was
added under ice-cooling and the mixture was stirred at room
temperature for 3 hr. To the reaction mixture was added
toluene and the mixture was concentrated under reduced
pressure. This was repeated 3 times and the residue was
dried under reduced pressure at 60° C. The residue was
dissolved in N,N-dimethylformamide (2.2 mL), N,N-diiso-
propylethylamine (0.19 mL), Reference Example compound
5 (130 mg), HATU (155 mg) were added under ice-cooling
and the mixture was stirred at room temperature for 2 hr. To
the reaction mixture were added ethyl acetate, water, satu-
rated aqueous sodium hydrogen carbonate and the mixture
was stirred. The organic layer was extracted and the aqueous
layer was extracted twice with ethyl acetate. The organic
layers were collected, washed twice with saturated brine:
water=1:1 and washed with saturated brine, and dried over
anhydrous sodium sulfate. The solvent was evaporated
under reduced pressure, and the residue was purified by NH
silica gel column chromatography (ethyl acetate:metha-
nol=100:0-80:20), silica gel column chromatography (ethyl
acetate:methanol=100:0-80:20) to give the title compound
(187 mg) as a yellow-white solid. MS (ESI) m/z: 1038.4
[M+H]*

Example 154

(154-1) t-butyl [4-bromo-2-(hydroxymethyl)phe-
noxy |acetate (Example Compound 154-1)
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To a solution of 4-bromo-2-(hydroxymethyl)phenol (500
mg) in N,N-dimethylformamide (10 mL) were added potas-
sium carbonate (681 mg), t-butyl bromoacetate (0.41 mL)
and the mixture was stirred at room temperature for 16 hr.
Water was added to the reaction mixture and the mixture was
stirred and extracted twice with ethyl acetate. The organic
layers were collected and washed twice with water. Using

OH

ethyl acetate, they were passed through Phase Separator. The
filtrate was concentrated under reduced pressure to give the
title compound (754 mg) as a colorless oil. MS (ESI) m/z:
317.0, 319.0 [M+H]*

(154-2) methyl {(6S)-4-[4'-(2-t-butoxy-2-oxoeth-
oxy)-3'-(hydroxymethyl)[1,1'-biphenyl]-4-y1]-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl}acetate (Example Compound 154-2)

HO

K
>

S
S
1 10
N |
| N
N #
N 0

Under an argon stream, Example compound 154-1 (207
mg), Reference Example compound 3 (300 mg), palladium
acetate (13 mg), S-phos (49 mg), potassium fluoride (103
mg) and water (0.038 mL) were heated under reflux in
tetrahydrofuran (3 mL) solvent for 4 hr. Using ethyl acetate,
the reaction mixture was filtered through diatomaceous
earth, and the filtrate was concentrated under reduced pres-
sure. The residue was purified by silica gel column chro-
matography (methanol:ethyl acetate=0:100-10:90) to give
the title compound (224 mg) as a white solid. MS (ESI) n/z:
617.2 [M+H]*
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(154-3) methyl [(6S)-4-{3'-(hydroxymethyl)-4'-[2-({
(28)-1-[(2S,4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-
1,3-thiazol-5-y1)phenyl]ethyl }carbamoyl)pyrrolidin-
1-y1]-3,3-dimethyl-1-oxobutan-2-y1}amino)-2-
oxoethoxy][1,1'-biphenyl]-4-y1}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate (Example Compound 154)

HO.
(€]

A
>

S
S
1
X |
/ N
N\N/ o
O~

To a solution of Example compound 154-2 (224 mg) in
chloroform (4 ml.) was added trifluoroacetic acid (2 mL)
and the mixture was stirred at room temperature for 16 hr.
The reaction mixture was concentrated under reduced pres-
sure, and azeotropically distilled 2 times with toluene. The
residue was dissolved in N,N-dimethylformamide (4 mL),
Reference Example compound 5 (192 mg), N,N-diisopro-
pylethylamine (0.630 mL), HATU (152 mg) were added and
the mixture was stirred at room temperature for 2 hr. Water
was added to the reaction mixture and the mixture was
stirred. The precipitate was collected by filtration and the
obtained solid was purified by NH silica gel column chro-
matography (methanol:chloroform=0:100-5:95) and is silica
gel column chromatography (methanol:ethyl acetate=0:100-
5:95) to give the title compound (87.5 mg) as a pale-yellow
solid. MS (ESI) nv/z: 987.4 [M+H]*

3
3
4

4

Example 155

(155-1) benzyl 4-[4-(t-butoxycarbonyl)phenoxy|
piperidine-1-carboxylate (Example Compound 155-
D

7Y Py

Under an argon stream, a solution of t-butyl 4-hydroxy-
benzoate (497 mg), benzyl 4-hydroxy-1-piperidinecarboxy-
late (723 mg) and triphenylphosphine (1.01 g) in tetrahy-
drofuran (5 mL) was cooled to 0° C., bis(2-methoxyethyl)
azodicarboxylate (899 mg) was added and the mixture was

5

6

II‘/
H
(6]
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stirred at room temperature for 5 hr. Water was added to the
reaction mixture and the mixture was stirred and extracted
twice with ethyl acetate. The organic layer was washed with
water and concentrated under reduced pressure. The residue
was purified by NH silica gel column chromatography (ethyl
acetatechexane=0:100-25:75) to give the title compound
(660 mg) as a white solid. MS (ESI) m/z: 412.2 [M+H]*

OH

ag)\Q\%\N
_J

(155-2) t-butyl 4-[(piperidin-4-yl)oxy]|benzoate (Ex-
ample Compound 155-2)

HUOQTX

To a solution of Example compound 155-1 (660 mg) in
ethanol (5 mlL)-tetrahydrofuran (5 ml) was added 10%
palladium carbon (200 mg) and, after hydrogen substitution,
the mixture was stirred at room temperature for 7 hr. The
reaction mixture was filtered through diatomaceous earth,
and the filtrate was concentrated under reduced pressure.
The residue was purified by NH silica gel column chroma-
tography (methanol:chloroform=0:100-2:98) to give the title
compound (379 mg) as a white solid. MS (ESI) m/z: 278.1
[M+H]*

0

5

0

5

(155-3) 4-[(1-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,
3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a]
[1,4]diazepin-4-yl]phenyl}piperidin-4-yl)oxy|ben-
zoic acid hydrochloride (Example Compound 155-
3)

0

5

HCl

5
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Under an argon stream, Reference Example compound 1
(450 mg), Example compound 155-2 (379 mg), tris(diben-
zylideneacetone)dipalladium(0) (50 mg), t-BuXphos (46
mg) and potassium phosphate (691 mg) were stirred in
1,2-dimethoxyethane (5 ml) solvent at 70° C. for 7 hr.
Tris(dibenzylideneacetone)dipalladium(0) (50 mg), t-BuX-
phos (46 mg) were added and the mixture was further stirred
at 70° C. for 16 hr. Using ethyl acetate, the reaction mixture
was filtered through diatomaceous earth, and the filtrate was
concentrated under reduced pressure. The residue was puri-
fied by silica gel column chromatography (methanol:chlo-
roform=0:100-5:95) to give a yellow solid. The solid was
dissolved in chloroform (1 mL), trifluoroacetic acid (1 mL)
was added and the mixture was stirred at room temperature
for 4 hr. The reaction mixture was concentrated under
reduced pressure, and azeotropically distilled twice with
toluene. The residue was dissolved in ethyl acetate, and
saturated aqueous sodium hydrogen carbonate was slowly
added to set to pH9. The organic layer was removed by
partitioning and the aqueous layer was set to pH4 with 1N
hydrochloric acid and extracted 3 times with chloroform.
The organic layer was concentrated under reduced pressure
to give the title compound (347 mg) as a yellow solid.

MS (ESI) m/z: 600.2 [M+H]*

(155-4) methyl [(6S)-4-(4-{4-[4-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)phenoxy]
piperidin-1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,

2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 155)

S
/

Example compound 155-3 (347 mg) and Reference
Example compound 5 (314 mg), N,N-diisopropylethylamine

O
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(0.283 ml) and HATU (249 mg) were stirred in N,N-
dimethylformamide (5 mL) at room temperature for 6 hr. To
the reaction mixture was added saturated aqueous sodium
hydrogen carbonate and the mixture was stirred and
extracted twice with ethyl acetate. The organic layer was
washed twice with water and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (methanol:chloroform=0:100-5:95) and
NH silica gel column chromatography (methanol:chloro-
form=0:100-2:98) and successively purified by preparative
HPLC (10 mM aqueous ammonium carbonate solution-
acetonitrile=40:60-70:30) to give the title compound (180
mg) as a yellow solid.

MS (ESI) m/z: 1026.4 [M+H]*

Example 156

(156-1) benzyl 4-(3-t-butoxy-3-oxopropoxy)piperi-
dine-1-carboxylate (Example Compound 156-1)

O\/ﬁ(o\’<
OYU o
O\/O
Benzyl 4-hydroxy-1-piperidinecarboxylate (1.00 g),
t-butyl acrylate (0.931 mL) and potassium t-butoxide (48
mg) were heated under reflux in 1,2-dimethoxyethane (5
ml) solvent for 16 hr. Using ethyl acetate, the reaction
mixture was filtered, and the filtrate was concentrated under

reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:hexane=0:100-30:

S\
\=n

70) to give the title compound (648 mg) as a colorless
viscous compound. MS (ESI) nvz: 364.4 [M+H]"
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(156-2) methyl [(6S)-4-(4-{4-[3-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}amino)-3-oxopropoxy]
piperidin-1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3, 5
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 156)

H
OWNf
N (@]
SN o N
- QH
— o
N |
/ p N HN
N
\N o

By reaction and treatment in the same manner as in j3q
Example 98 (98-2)-(98-4) and using Example compound
156-1 instead of Example compound 98-1, the title com-
pound was obtained as a yellow solid. MS (ESI) m/z: 978.5
[M+H]*

Example 157

(157-1) (2S,4R)-1-[(2S)-2-(4-bromo-2-chloroben-
zamido)-3,3-dimethylbutanoyl]-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl] 40
ethyl}pyrrolidine-2-carboxamide (Example
Compound 157-1)

QH
- t( -'
N
H
o]
Br o) gl\Q\%\N
]

Reference Example compound 5 (200 mg), 4-bromo-2-
chlorobenzoic acid (119 mg) were dissolved in N,N-dim-
ethylformamide (4.2 mL), N,N-diisopropylethylamine (0.26
mL) and HATU (290 mg) were added under ice-cooling and 55
the mixture was stirred at room temperature for 2 hr. To the
reaction mixture were added ice water, saturated aqueous
sodium hydrogen carbonate, ethyl acetate and the mixture
was stirred. The organic layer was extracted and the aqueous
layer was washed twice with ethyl acetate. The organic
layers were collected, washed twice with saturated aqueous
sodium hydrogen carbonate and saturated brine:water=1:1,
washed with saturated brine, and dried over anhydrous
sodium sulfate. The solvent was evaporated under reduced
pressure, and the residue was purified by silica gel column
chromatography (chloroform:methanol=100:0-95:5) to give 65
the title compound (245 mg) as a pale-yellow solid. MS
(ESD) nv/z: 661.3 [M+H]*
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(157-2) methyl {(68)-4-[3'-chloro-4'-({(28)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-

5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-

dimethyl-1-oxobutan-2-yl}carbamoyl)[1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 157)

402

Example compound 157-1 (240 mg) was dissolved in
tetrahydrofuran (7.2 mL), and Reference Example com-
pound 3 (280 mg), potassium fluoride (65 mg), S-phos (45
mg), palladium acetate (17 mg) and water (24 pul) were
added and the mixture was stirred at 85° C. for 15 hr.
Furthermore, potassium fluoride (65 mg), S-phos (45 mg),
palladium acetate (17 mg), water (24 uL) were added and the
mixture was stirred at 85° C. for 6 hr. To the reaction mixture
were added chloroform and water, the organic layer was
extracted, and the aqueous layer was extracted twice with
chloroform. The organic layers were collected, washed with
saturated brine and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The

residue was purified by NH silica gel column chromatog-

30

40

raphy (ethyl acetate:methanol=100:0-85:15), silica gel col-
umn chromatography (ethyl acetate:methanol=100:0-85:
15), and then by silica gel column chromatography
(chloroform:methanol=100:0-95:95), NH silica gel column
chromatography (ethyl acetate:methanol=100:0-95:5) to
give the title compound (110 mg) as a white solid.

MS (ESI) m/z: 961.4 [M+H]"

Example 158

(158-1) methyl {(68)-4-[4'-({(2S9)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}carbamoyl)-3'-
(trifluoromethyl)[ 1,1'-biphenyl]-4-y1]-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a] [1,4]
diazepin-6-yl}acetate (Example Compound 158)

OH

=z

=z
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By reaction and treatment in the same manner as in
Example 157 (157-1)-(157-2) and using 4-bromo-2-(trifluo-
romethyl)benzoic acid instead of 4-bromo-2-chlorobenzoic

acid, the title compound was obtained as a white solid. MS
(ESD) nv/z: 995.4 [M+H]* 5

Example 159

(159-1) methyl [(6S)-4-(4-{2-[2-({(2S9)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]-2H-
indazol-4-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 159)

SOH
[@] -
\ \)\\
N N
N H
[@]

10

By reaction and treatment in the same manner as in
Example 52 (52-1)-(52-3) and using Example compound 33
144-1B instead of 4-bromo-3-chlorophenol, the title com-
pound was obtained as a yellow solid. MS (ESI) m/z: 981.4
[M+H]*

Example 160

(160-1) t-butyl (8-bromo-1-0x0-3,4-dihydroisoqui-
nolin-2(1H)-yl)acetate (Example Compound 160-1)

g(ux :

8-Bromo-3,4-dihydro-2H-isoquinolin-1-one (300 mg)
was dissolved in N,N-dimethylformamide (15 mL), sodium 50
hydride (60%, 40 mg) was added under ice-cooling and the
mixture was stirred at the same temperature for 20 min.
After stirring, t-butyl bromoacetate (0.25 ml.) was added
and the mixture was stirred at room temperature for 2 hr.
Under ice-cooling, sodium hydride (60%, 14 mg), t-butyl
bromoacetate (78 pl.) were added and the mixture was
stirred at room temperature for 1 hr. Under ice-cooling,
saturated aqueous ammonium chloride solution was added
to the reaction mixture and the mixture was stirred. Ethyl
acetate, water were added and the organic layer was
extracted. The aqueous layer was extracted with ethyl
acetate, and the organic layers were collected and washed
with water and saturated brine:water=1:1 and saturated brine
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane:ethyl
acetate=95:5-70:30) to give the title compound (430 mg) as 65
a pale-yellow solid.

MS (ESI) m/z: 340.1
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(160-2) methyl [(6S)-4-(4-{2-[2-({(2S9)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]-1-0xo-1,
2,3 4-tetrahydroisoquinolin-8-yl}phenyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 160)

By reaction and treatment in the same manner as in
Example 147 (147-2)-(147-3) and using Example compound

160-1 instead of Example compound 147-1, the title com-

pound was obtained (84 mg) as a yellow-white solid.
MS (ESI) m/z: 1010.5 [M+H]*

Example 161

(161-1) tert-butyl 7-({(2S)-1-[(28,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl)-3,4-dihydroisoquinoline-
2(1H)-carboxylate (Example Compound 161-1)

To a suspension of 1,2,3,4-tetrahydroisoquinoline-7-car-
boxylic acid (500 mg) in N,N-dimethylformamide (14.0
ml) were added N,N-diisopropylethylamine (0.59 mlL),
4-dimethylaminopyridine (70 mg) and di-t-butyl dicarbon-
ate (926 mg) and the mixture was stirred at room tempera-
ture for 16 hr. Toluene was added and the mixture was
concentrated under reduced pressure. This was repeated 3
times, and the residue was dried over anhydrous sodium
sulfate and filtered. To the obtained residue were added
N,N-diisopropylethylamine (2.44 mL), Reference Example
compound 5 (1.63 g), HATU (3.22 g) under ice-cooling, and

35

60

65

406

the mixture was stirred at room temperature for 64 hr. To the
reaction mixture was added ice water and the mixture was
stirred. Saturated brine was added and the mixture was
extracted 4 times with chloroform. The organic layers were
collected, dried over anhydrous sodium sulfate, filtered, and
the solvent was evaporated under reduced pressure. The
residue was purified by silica gel column chromatography
(chloroform:methanol=100:0-99:1) to give the title com-
pound (310 mg) as a yellow-white solid. MS (ESI) m/z:
704.5 [M+H]*
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(161-2) N-{(2S)-1-[(2S,4R)-4-hydroxy-2-({(1S)-1-
[4-(4-methyl-1,3-thiazol-5-y1l)phenyl|
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-y1}-1,2,3 4-tetrahydroisoquinoline-7-
carboxamide (Example Compound 161-2)

pH
H
o oW s
O O
1

To a solution of Example compound 161-1 (310 mg) in
dichloromethane (5.0 mL) was added, under ice-cooling,
trifluoroacetic acid (5.0 mL) and the mixture was stirred at
room temperature for 1 hr. The reaction mixture was added
dropwise to saturated aqueous sodium hydrogen carbonate,
water under ice-cooling, chloroform was added and the
mixture was stirred. The organic layer was extracted. The
aqueous layer was extracted again with chloroform and the
organic layers were collected, dried over anhydrous sodium
sulfate and filtered. The solvent was evaporated under
reduced pressure and dried under reduced pressure to give
the title compound (265 mg) as a crudely purified yellow
solid. MS (ESI) nv/z: 604.4 [M+H]*

(161-3) methyl [(6S)-4-{4-[7-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)-3,4-
dihydroisoquinolin-2(1H)-yl]phenyl}-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a] [1,4]
diazepin-6-yl]acetate (Example Compound 161)

By reaction and treatment in the same manner as in
Example 98 (98-3) and using Example compound 161-2
instead of Example compound 98-2, the title compound was
obtained as a yellow-white solid. MS (ESI) m/z: 982.5
[M+H]*
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Example 162

(162-1) methyl cis-3-[(5-bromopyridin-2-yl)oxy]|
cyclobutane-1-carboxylate (Example Compound
162-1), and, methyl trans-3-[(5-bromopyridin-2-yl)
oxy|cyclobutane-1-carboxylate (Example Com-
pound 162-2)

N O,
Lr
5 X \Q)/o\
(@]
N o,
Br \ Q)/O\
(@]

By reaction and treatment in the same manner as in
Example 135 (135-1) and using methyl 3-hydroxycyclobu-
tanecarboxylate instead of methyl 1-(hydroxymethyl)bicy-
clo[1,1,1]pentane-3-carboxylate, the title compound was
obtained. Example compound 162-1: white solid, MS (ESI)
m/z: 286.0, 288.0 [M+H]". Example compound 162-2:
colorless viscous compound, MS (ESI) m/z: 286.0, 288.0
[M+H]*

162-1

162-2

(162-2) methyl {(6S)-4-[4-(6-{[cis-3-({(2S9)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}carbamoyl)cyclobutyl]
oxy }pyridin-3-yl)phenyl]-2,3,9-trimethyl-6H-thieno
[3,2-][1,2.4]triazolo[4,3-a] [1,4]diazepin-6-
yl}acetate (Example Compound 162)

N_ _O,
=~
| I
~ ~ N
S
/ O
0
N ! N
- N o “mOH
Noy o
HN
O\
N

By reaction and treatment in the same manner as in
Example 135 (135-2)-(135-3) and using Example compound
162-1 instead of Example compound 135-1, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 998.9
[M+H]*
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Example 163

(163-1) methyl [(5-bromopyridin-2-yl)(tert-butoxy-

carbonyl)amino]acetate (Example Compound 163-
1) 5

10

@] O
Y
| N\)Lo/ 5

=z

AN

—

Br

2-(Boc-amino)-5-bromopyridine  (1.00 g), sodium
hydride (60%, 161 mg) were stirred in N,N-dimethylforma-

N
"]
\ \
=
YN \N
Ne N/ o

O~

mide (5.0 mL) solvent at 0° C. for 10 min, t-butyl bromo-
acetate (0.506 mL) was added and the mixture was stirred
for 5 hr while allowing the mixture to naturally warm to
room temperature. Water was added to the reaction mixture,
and the mixture was extracted twice with ethyl acetate, and
the organic layer was washed twice with water and concen-
trated under reduced pressure. The residue was purified by
silica gel column chromatography (chloroform:hexane=30:
70-100:0) to give the title compound (1.22 g) as a colorless
viscous compound.

MS (ESI) m/z: 345.1, 347.0 [M+H]*

45

50

(163-2) methyl [(5-bromopyridin-2-yl)amino]acetate 55
(Example Compound 163-2)
o 60
N §\)l\
= | o/
Br A 65
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By reaction and treatment in the same manner as in
Example 114 (114-2) and using Example compound 163-1
instead of Example compound 114-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 244.9, 246.9
[M+H]*

(163-3) methyl {(6S)-4-[4-(6-{[2-({(28)-1-[(2S,4R)-
4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-2-oxoethyl]
amino }pyridin-3-yl)phenyl]-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-
yl}acetate (Example Compound 163)

By reaction and treatment in the same manner as in
Example 135 (135-2)-(135-3) and using Example compound
163-2 instead of Example compound 135-1, the title com-
pound was obtained as a pale-yellow solid. MS (ESI) nmv/z:
957.4 [M+H]*

Example 164

(164-1) (2S,4R)-1-{(2S)-2-[(6-bromo-1-benzofuran-
2-carbonyl)amino]-3,3-dimethylbutanoyl}-4-hy-
droxy-N-{(18S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}pyrrolidine-2-carboxamide (Example
Compound 164-1)

=z

Tz

-
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By reaction and treatment in the same manner as in
Example 97 (97-2) and using 6-bromobenzofuran-2-carbox-
ylic acid instead of Example compound 97-1, the title
compound was obtained as a pale-yellow solid. MS (ESI) >
m/z: 667.1, 669.1 [M+H]"

(164-2) methyl [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-

hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)

phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl }carbamoyl)-1-benzofuran-6-

yllphenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]

triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 164)

10

By reaction and treatment in the same manner as in
Example 101 (101-2) and using Example compound 164-1
instead of Example compound 101-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 967.9 [M+H]"

Example 165 40
(165-1) methyl {(6S)-4-[4-(6-{[trans-3-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1- 45
yl]-3,3-dimethyl-1-oxobutan-2-yl}carbamoyl)
cyclobutyl]oxy }pyridin-3-yl)phenyl]-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a] [1,4]
diazepin-6-yl}acetate (Example Compound 165)
N_ _O, 50
A | ..
H
Uy A=
: (6]
N - | 0N 55
\7NI/ 7 " O “HOH
~N o
HN
O—
60
SN
\= N 65
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LOH

=z

By reaction and treatment in the same manner as in
Example 135 (135-2)-(135-3) and using Example compound
162-2 instead of Example compound 135-1, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 998.4
[M+H]*

Example 166

(166-1) tert-butyl 6-bromopyridine-3-carboxylate
(Example Compound 166-1)

0
N | OJ<

EN

Br

6-Bromonicotinic acid (1.00 g), N,N-dimethylformamide
di-t-butylacetal (4.74 ml) were heated under reflux in
toluene (5 mL) for 10 hr. To the reaction mixture was added
saturated aqueous sodium hydrogen carbonate, and the
mixture was extracted twice with ethyl acetate. The organic
layer was washed twice with water and concentrated under
reduced pressure. The residue was purified by silica gel
column chromatography (chloroform:hexane=30:70-70:30)
to give the title compound (745 mg) as a white solid. MS
(ESD) m/z: 258.1, 260.1 [M+H]*
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(166-2) methyl [(6S)-4-{4-[5-({(28)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)pyridin-2-yl]
phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 166)

Tz

O~

By reaction and treatment in the same manner as in
Example 136 (136-2)-(136-3) and using Example compound
166-1 instead of Example compound 136-1, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 928.4
[M+H]*

Example 167

(167-1) 6-chloro-N-{(28)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}pyrazine-2-carboxamide (Example
Compound 167-1)

r~
==
o

By reaction and treatment in the same manner as in
Example 97 (97-2) and using 6-chloropyrazine-2-carboxylic
acid instead of Example compound 97-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 585.2, 587.2
[M+H]*
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Tz

(167-2) methyl [(6S)-4-{4-[6-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)pyrazin-2-yl]
phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 167)

O
HN
YN \I\I
(6] N
N\N/ 0 -unQH
O
O—

HN

By reaction and treatment in the same manner as in
Example 101 (101-2) and using Example compound 167-1
instead of Example compound 101-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 929.8 [M+H]"
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Example 168

168-1) (2S,4R)-1-[(28)-2-(4-bromo-2-methoxyben-
zamido)-3,3-dimethylbutanoyl]-4-hydroxy-N-{(1S)-
1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 168-1)

w

10
QH
\O o i‘/ 3
N
N
O
Br O g / N
-
20

By reaction and treatment in the same manner as in
Example 157 (157-1) and using 4-bromo-2-methoxybenzoic
acid instead of 4-bromo-2-chlorobenzoic acid, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 657.3,

659.3 [M+H]* N

(168-2) methyl {(6S)-4-[4"-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}carbamoyl)-3'-methoxy[ 1,1'-

biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2, 30

4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 168)

Tz

=z

By reaction and treatment in the same manner as in
Example 157 (157-2) and using Example compound 168-1 ¢s
instead of Example compound 157-1, the title compound
was obtained as a white solid. MS (ESI) m/z: 957.3 [M+H]"
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Example 169

(169-1) methyl {(6S)-4-[2'-chloro-4'-({(28)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3- 5
dimethyl-1-oxobutan-2-yl}carbamoyl)[1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 169)

O

By reaction and treatment in the same manner as in
Example 157 (157-1)-(157-2) and using 4-bromo-3-chlo-
robenzoic acid instead of 4-bromo-2-chlorobenzoic acid, the 3,
title compound was obtained as a white solid. MS (ESI) nv/z:
961.3 [M+H]*

Example 170

(170-1) methyl {(6S)-4-[2'-hydroxy-4'-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-yl }carbamoyl)[ 1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 170)

40

O

By reaction and treatment in the same manner as in
Example 157 (157-1)-(157-2) and using 4-bromo-3-hy-
droxybenzoic acid instead of 4-bromo-2-chlorobenzoic acid, ¢s
the title compound was obtained as a white solid. MS (ESI)
m/z: 943.3 [M+H]*
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Example 171
(171-1) 5-bromo-N-{(28)-1-[(2S,4R)-4-hydroxy-2-
({[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
methyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-y1}-1,3-benzoxazole-2-carboxamide
(Example Compound 171-1)

Br

By reaction and treatment in the same manner as in
Example 61 (61-4) and using 5-bromo-1,3-benzoxazole-2-
carboxylic acid instead of Example compound 61-3, the title
compound was obtained as a white solid.

MS (ESI) m/z: 654.1, 656.1 [M+H]*

(171-2) methyl [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
methyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl)-1,3-benzoxazol-5-yl]
phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 171)

B

Y
o

N
~y O

O~

By reaction and treatment in the same manner as in
Example 101 (101-2) and using Example compound 171-1
instead of Example compound 101-1, the title compound
was obtained as a white powder. MS (ESI) m/z: 954.4
[M+H]*
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Example 172

(172-1) 1-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl|phenyl}-1H-pyrazole-3-carboxylic
acid hydrochloride (Example Compound 172-1)

oH
N /
SN \N
S 0
/
N \
/ N HCl
N /
\N (o)

O\

Reference Example compound 3 (400 mg), copper(Il)
acetate (144 mg), t-butyl pyrazole-3-carboxylate (146 mg),
triethylamine (0.549 ml.) were stirred in dichloromethane
(5.0 mL) solvent at room temperature for 17 hr, and heated
under reflux for 26 hr. Using chloroform, the reaction
mixture was filtered through diatomaceous earth, and the
filtrate was concentrated under reduced pressure. The resi-
due was purified by NH silica gel column chromatography
(ethyl acetate:hexane=50:50-90:10) to give a pale-yellow
solid. The obtained solid was dissolved in chloroform (1.0
mL), trifluoroacetic acid (1.0 mL) was added and the mix-
ture was stirred at room temperature for 15 hr. The reaction
mixture was concentrated under reduced pressure, and azeo-
tropically distilled with toluene. Saturated aqueous sodium

hydrogen carbonate was added to set to pH9 and the mixture

‘ O: fo
N HN WOH
s N
0

=z

was washed twice with ethyl acetate. The aqueous layer was
set to pH4 with 1N hydrochloric acid and extracted twice
with ethyl acetate. The organic layer was concentrated under
reduced pressure to give the title compound (114 mg) as a
yellow viscous compound. MS (ESI) m/z: 491.1 [M+H]*
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(172-2) methyl [(6S)-4-{4-[3-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}carbamoyl)-1H-pyrazol-1-yl]

phenyl}-2,3 9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 172)

w

10

— H
N
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N .OH 15
S _ o) d
|
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N HN
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By reaction and treatment in the same manner as in
Example 97 (97-2) and using Example compound 172-1 30
instead of Example compound 97-1, the title compound was
obtained as a white solid. MS (ESI) m/z: 917.3 [M+H]*

Example 173
35
(173-1) methyl {(6S)-4-[2',3'-difluoro-5'-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-yl }carbamoyl)[ 1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2, 40
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 173)

O

By reaction and treatment in the same manner as in
Example 106 (106-1)-(106-2) and using 3-bromo-4,5-dif-
luorobenzoic acid instead of 3-bromo-4-fluorobenzoic acid.
the title compound was obtained as a white solid.

MS (ESI) m/z: 963.6 [M+H]*

65
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Example 174

(174-1) methyl {(6S)-4-[2',6'-difluoro-3'-({(2S)-1-
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1- 5
yl]-3,3-dimethyl-1-oxobutan-2-yl }carbamoyl)[ 1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 174)

O

By reaction and treatment in the same manner as in
Example 106 (106-1)-(106-2) and using 3-bromo-2,4-dif-
luorobenzoic acid instead of 3-bromo-4-fluorobenzoic acid,
the title compound was obtained as a white solid.

MS (ESI) m/z: 963.6 [M+H]*

Example 175

(175-1) methyl {(6S)-4-[2",5'-difluoro-3'-({(25)-1- 33
[(28,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-yl }carbamoyl)[ 1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 175)

40

60

By reaction and treatment in the same manner as in
Example 106 (106-1)-(106-2) and using 3-bromo-2,5-dif-
luorobenzoic acid instead of 3-bromo-4-fluorobenzoic acid, 65
the title compound was obtained as a white solid.

MS (ESI) m/z: 963.6 [M+H]*
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Example 176

(176-1) methyl {(6S)-4-[2',3'-difluoro-4'-({(2S)-1-
[(2S,4R)-4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1- 5
yl]-3,3-dimethyl-1-oxobutan-2-yl } carbamoyl)[ 1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 176)

O\

By reaction and treatment in the same manner as in
Example 106 (106-1)-(106-2) and using 3-bromo-2,3-dif-
luorobenzoic acid instead of 3-bromo-4-fluorobenzoic acid,
the title compound was obtained as a white solid. 30

MS (ESI) m/z: 963.6 [M+H]*

Example 177

(177-1) methyl [(6S)-4-(4-{4-[6-({(2S9)-1-[(2S,4R)- 35
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)pyridin-2-yl]
piperazin-1-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3,
2-f][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate
(Example Compound 177)

X

N N
— O © [@] N
g ol QH
X ﬁ;D
Yo {
N\N)\‘(\<O

O

By reaction and treatment in the same manner as in
Example 98 (98-3)-(98-4) and using t-butyl 6-(1-piperazi-
nyl)picolinate instead of Example compound 98-2, the is 5
title compound was obtained as a yellow powder.

MS (ESI) m/z: 1012.4 [M+H]*
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Example 178

(178-1) methyl [(6S)-4-{2'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim- 5
ethyl-1-oxobutan-2-y1}amino)-2-oxoethoxy][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4|diazepin-6-yl]acetate
(Example Compound 178)

\(/ -

By reaction and treatment in the same manner as in
Example 51 (51-1)-(51-4) and using 2-bromophenol instead
of 3-bromobenzyl alcohol, the title compound was obtained 30
as a white solid. MS (ESI) m/z: 957.4 [M+H]*

Example 179

(179-1) 5-bromo-N-{(28)-1-[(2S,4R)-4-hydroxy-2- 35
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}-1,3-benzothiazole-2-carboxamide
(Example Compound 179-1)

oH 40
e e
N NH 5 45
N H 0 0
S
Br 50

To a solution of methyl 5-bromo-1,3-benzothiazole-2-
carboxylate (200 mg) in 1,2-dimethoxyethane (3.0 mL),
water (3.0 mL) was added aqueous lithium hydroxide solu-
tion (0.55 mlL, 4.0 mol/L), and the mixture was stirred at ss
room temperature for 1.5 hr. To the reaction mixture was
added ice water, 1N hydrochloric acid was added to adjust
to pH3-4 and the mixture was stirred. The precipitate was
collected by filtration. The precipitate was dissolved in
N,N-dimethylformamide (3.0 mL), and Reference Example
compound 5 (389 mg), N,N-diisopropylethylamine (0.38
mlL), HATU (727 mg) were added and the mixture was
stirred at room temperature for 24 hr. Water was added to the
reaction mixture and the mixture was stirred. The precipitate
was collected by filtration. The obtained solid was purified
by silica gel column chromatography (methanol:chloro- 65
form=0:100-5:95) to give the title compound (206 mg) as a
pale-yellow solid. MS (ESI) m/z: 684.1, 686.1 [M+H]"

60

428
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(179-2) methyl [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)-1,3-benzothiazol -
5-yl]phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4] 5
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 179)

e
jus)

=z

NH /I
o (¢ S

By reaction and treatment in the same manner as in
Example 100 (100-2) and using Example compound 179-1
instead of Example compound 100-1, the title compound
was obtained as a white solid. MS (ESI) nv/z: 984.3 [M+H]" 35

Example 180

(180-1) 6-bromo-N-{(2S)-1-[(2S,4R)-4-hydroxy-2- 40
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}-1,3-benzothiazole-2-carboxamide
(Example Compound 180-1)

45
é\OH
50
ﬁ)L N
S
N
0" g 7 N
Br S AR
60

By reaction and treatment in the same manner as in
Example 179 (179-1) and using methyl 6-bromo-1,3-ben-
zothiazole-2-carboxylate instead of methyl 5-bromo-1,3-
benzothiazole-2-carboxylate, the title compound was ¢s
obtained as a pale-yellow solid. MS (ESI) m/z: 684.1, 686.1
[M+H]*
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(180-2) methyl [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)-1,3-benzothiazol -
6-yl|phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4] 5
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example
Compound 180)

O

By reaction and treatment in the same manner as in
Example 100 (100-2) and using Example compound 180-1
instead of Example compound 100-1, the title compound 30
was obtained as a white solid. MS (ESI) m/z: 984.3 [M+H]*

Example 181

35
(181-1) 6-bromo-N-{(28)-1-[(2S,4R)-4-hydroxy-2-
({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-y1}-1,3-benzoxazole-2-carboxamide 0

(Example Compound 181-1)

s

H

N N
N\O H o NiT SJ[

45
50

55

6-Bromo-1,3-benzoxazole-2-carboxylic acid (200 mg)
was dissolved in N,N-dimethylformamide (3.0 mL), and
Reference Example compound 5 (437 mg), N,N-diisopro-
pylethylamine (0.43 mL), HATU (503 mg) were added and
the mixture was stirred at room temperature for 5 hr. Water
was added to the reaction mixture and the mixture was
stirred. The precipitate was collected by filtration. The
obtained solid was purified by silica gel column chroma-
tography (methanol:chloroform=0:100-5:95) to give the title
compound (230 mg) as an orange solid.

MS (ESI) m/z: 668.2, 670.2 [M+H]*

60

65
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(181-2) methyl [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)

phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)-1,3-benzoxazol-
6-yl|phenyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4] 5
triazolo[4,3-a][1,4]diazepin-6-yl]acetate (Example

Compound 181)

=z

— O
S 0
—_

By reaction and treatment in the same manner as in
Example 100 (100-2) and using Example compound 181-1
instead of Example compound 100-1, the title compound 30
was obtained as a white solid. MS (ESI) m/z: 968.2 [M+H]"

Example 182

(182-1) methyl {(6S)-4-[3'-cyano-4'-({(2S)-1-[(2S, 35
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}carbamoyl)[1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example 40
Compound 182)

By reaction and treatment in the same manner as in
Example 157 (157-1)-(157-2) and using 4-bromo-2-cyano-
benzoic acid instead of 4-bromo-2-chlorobenzoic acid, the g5
title compound was obtained as a white solid. MS (ESI) nv/z:
952.3 [M+H]*
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Example 183

(183-1) methyl {(6S)-4-[4"-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim- 5
ethyl-1-oxobutan-2-yl}carbamoyl)-3'-methyl[1,1'-

biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 183)

By reaction and treatment in the same manner as in j3q
Example 157 (157-1)-(157-2) and using 4-bromo-2-meth-
ylbenzoic acid instead of 4-bromo-2-chlorobenzoic acid, the
title compound was obtained as a white solid. MS (ESI) nv/z:
941.4 [M+H]*

35
Example 184

(184-1) methyl {(6S)-4-[4"-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim- 40
ethyl-1-oxobutan-2-yl}carbamoyl)-2'-methyl[1,1'-

biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 184)

pH
o :
N
g
H
(6] N
e o] H)\Q\(LN
; _/
e
\/N )
/
N_. 7
N (0]
O~

By reaction and treatment in the same manner as in
Example 157 (157-1)-(157-2) and using 4-bromo-3-meth-
ylbenzoic acid instead of 4-bromo-2-chlorobenzoic acid, the ¢s
title compound was obtained as a white solid. MS (ESI) nv/z:
941.4 [M+H]*
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Example 185

(185-1) (6S)-4-(3-bromophenyl)-2,3,6,9-tetram-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]diaz-
epine (Example Compound 185-1)

—=
S

Y

Br

By reaction and treatment in the same manner as in
Reference Example 4 (4-1)-(4-4) and using 3-(3-bromophe-
nyl)-3-oxopropanenitrile instead of 3-(4-bromophenyl)-3-
oxopropanenitrile, the title compound was obtained as a
yellow solid. MS (ESI) nvz: 401.1, 403.1 [M+H]*

15

20

25

40

45

50

438
(185-2) tert-butyl 3'-[(65)-2,3,6,9-tetramethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]|diazepin-4-
y1][1,1'-biphenyl]-3-carboxylate (Example Com-
pound 185-2)

By reaction and treatment in the same manner as in
Reference Example Reference Example 11 and using (3-t-
butoxycarbonylphenyl)boronic acid instead of t-butyl 4-(4,
4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate, the
title compound was obtained as a pale-yellow solid.

MS (ESI) m/z: 499.4 [M+H]"

(185-3) (2S,4R)-1-[(2S)-3,3-dimethyl-2-({3'-[(6S)-2,
3,6,9-tetramethyl-6H-thieno [3,2-f][1,2,4] triazolo
[4,3-a] [1,4] diazepin-4-y1][1,1'-biphenyl]-4-
carbonyl }amino)butanoyl]-4-hydroxy-N-{(1S)-1-[4-
(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl} pyrrolidine-
2-carboxamide (Example Compound 185)

By reaction and treatment in the same manner as in
Example 43 (43-1) and using Example compound 185-1
instead of Reference Example compound 11, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 869.6
[M+H]*

Example 186

(186-1) (2S,4R)-1-[(2S)-3,3-dimethyl-2-({3'-[(6S)-2,
3,6,9-tetramethyl-6H-thieno[3,2-f][ 1,2,4]triazolo[ 4,
3-a] [1,4]diazepin-4-y1][1,1'-biphenyl]-4-
carbonyl }amino)butanoyl]-4-hydroxy-N-{(18)-1-[4-
(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl} pyrrolidine-
2-carboxamide (Example Compound 186)

OH

iz
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By reaction and treatment in the same manner as in
Reference Example 11 and using (4-t-butoxycarbonylphe-
nyl)boronic acid instead of t-butyl 4-(4,4,5,5-tetramethyl-1,
3,2-dioxaborolan-2-yl)benzoate, and by reaction and treat-
ment in the same manner as in Example 43 (43-1) and using 5
the obtained compound, the title compound was obtained as
a white solid. MS (ESI) m/z: 869.6 [M+H]*

Example 187
10
(187-1) methyl {(6S)-4-[2'-cyano-4'-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yD)phenyl]ethyl } carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}carbamoyl)[1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2, 15
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 187)

7 N

O\

By reaction and treatment in the same manner as in
Example 157 (157-1)-(157-2) and using 4-bromo-3-cyano- 40
benzoic acid instead of 4-bromo-2-chlorobenzoic acid, the
title compound was obtained as a white solid. MS (ESI) nv/z:
952.4 [M+H]*

Example 188 45

(188-1) (2S,4R)-1-{(2S)-2-[3-(5-bromothiophen-2-
yl)propanamido]-3,3-dimethylbutanoyl}-4-hydroxy-
N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 188-1)

OH

Or‘/ |

9

=~ )

Br SJ 60

By reaction and treatment in the same manner as in
Example 181 (181-1) and using 3-(5-bromo-2-thienyl)pro-
panoic acid instead of 6-bromo-1,3-benzoxazole-2-carbox- 65
ylic acid, the title compound was obtained as a white solid.

MS (ESI) m/z: 661.2, 663.2 [M+H]*
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(188-2) methyl [(6S)-4-(4-{5-[3-({(29)-1-[(2S,4R)-
4-hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)

phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-

ethyl-1-oxobutan-2-yl}amino)-3-oxopropyl]
thiophen-2-yl}phenyl)-2,3,9-trimethyl-6H-thieno[3, 5
2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 188)

LOH
X N
(6]
O
N
H
/
N
s
O\
By reaction and treatment in the same manner as in
Example 100 (100-2) and using Example compound 188-1
instead of Example compound 100-1, the title compound 30
was obtained as a white solid. MS (ESI) m/z: 961.5 [M+H]"
Example 189
(189-1) methyl {(6S)-4-[2'-fluoro-4'-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]methyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl) [1,1'-biphenyl]-4-
y1]-2,3,9-trimethyl-6H-thieno [3,2-1][1,2,4] triazolo 40
[4,3-a][1,4] diazepin-6-yl}acetate (Example Com-
pound 189)
QH
X N
(6]
(6] N
H
/
N
S\/

O—u

By reaction and treatment in the same manner as in
Example 62 (62-2) and using Reference Example compound
6 instead of Reference Example compound 5, the title 45
compound was obtained as a white solid. MS (ESI) m/z:
931.4 [M+H]*
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Example 190

(190-1) methyl {(68)-4-[3'-chloro-4'-({(28)-1-[(2S,
4R)-4-hydroxy-2-({[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]methyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)[1,1'-biphenyl]-4-
y1]-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[ 4,
3-a][1,4]diazepin-6-yl }acetate (Example Compound
190)

cl 0
X N
— O
S

/

YN !

No /
~y 0
O

By reaction and treatment in the same manner as in
Example 94 (94-1)-(94-3) and using Reference Example
compound 3 instead of Reference Example compound 2,
and t-butyl 4-bromo-2-chloro-benzoate instead of t-butyl
4-bromo-2-fluoro-benzoate, and Reference Example com-
pound 6 instead of Reference Example compound 5, the title
compound was obtained as a white solid. MS (ESI) m/z:
947.3 [M+H]*

Example 191

(191-1) 4-{4-[(6S)-6-(2-methoxy-2-oxoethyl)-2,3,9-

trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]

diazepin-4-yl]phenyl }butanoic acid (Example Com-
pound 191-1)

OH
—=
S
r— O
YN \N
I
N. N/ O
O—
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To a solution of Reference Example compound 1 (250
mg) in 1,4-dioxane (3.0 mL) were added tert-butyl 3-buteno-
ate (0.29 mL), tris(dibenzylideneacetone)dipalladium(0) (55
mg), tri-tert-butylphosphonium tetrafluoroborate (70 mg),
N,N-dicyclohexylmethylamine (0.39 mL), and the mixture
was stirred under reflux for 24 hr. Furthermore, t-butyl
3-butenoate (0.20 mL), tris(dibenzylideneacetone)dipalla-
dium(0) (110 mg), tri-tert-butylphosphonium tetrafluorobo-
rate (105 mg), N,N-dicyclohexylmethylamine (0.26 mL)

Tz

were added, and the mixture was stirred with heating under
reflux for 8 hr. To the reaction solution were added saturated
aqueous ammonium chloride solution and water and the
mixture was extracted with ethyl acetate. The organic layer
was washed with saturated brine, dried over anhydrous
sodium sulfate, filtered, and the filtrate was concentrated
under reduced pressure. The residue was purified by silica
gel column chromatography (hexane:ethyl acetate=40:60-0:
100). The obtained compound was dissolved in methanol (5
mL), 10% palladium carbon (30 mg) was added and, after
hydrogen substitution, the mixture was stirred at room
temperature for 3.5 hr. The reaction mixture was filtered
through diatomaceous earth using chloroform, and the fil-
trate was concentrated under reduced pressure. The residue
was dissolved in dichloromethane (4 mlL), trifluoroacetic
acid (2 mL) was added and the mixture was stirred at room
temperature for 2.5 hr. The reaction mixture was concen-
trated under reduced pressure, and the residue was dissolved
in toluene, saturated aqueous sodium hydrogen carbonate
and water were added and the mixture was partitioned. The
aqueous layer was acidified with 1IN hydrochloric acid and
the mixture was extracted with chloroform. The organic
layer was washed with saturated brine, dried over anhydrous
sodium sulfate, filtered, and the filtrate was concentrated
under reduced pressure to give the title compound (96 mg)
as a pale-yellow viscous compound. MS (ESI) m/z: 467.5
[M+H]*
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(191-2) methyl [(6S)-4-{4-[4-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }amino)-4-oxobutyl]phenyl } -
2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-
a][1,4]diazepin-6-yl]acetate (Example Compound

191)

— N
S H
_ o o
YN \N
/
Ne_ N/ o

To a solution of Example compound 191-1 (96 mg) and
Reference Example compound 5 (99 mg) in N,N-dimethyl-
formamide (2.0 mL) was added N,N-diisopropylethylamine
(0.089 mL), and HATU (94 mg) was added, and the mixture
was stirred at room temperature for 15 hr. To the reaction
solution was added methanol (1.0 mL), and the mixture was
purified by preparative HPLC (10 mM aqueous ammonium
carbonate solution-acetonitrile) and further purified by silica
gel column chromatography (ethyl acetate:methanol=90:10-
80:20) to give the title compound (72 mg) as a white powder.
MS (ESI) m/z: 893.8 [M+H]*

Example 192
(192-1) 5-{4-[(6S)-2,3,6,9-tetramethyl-6H-thieno[ 3,

2-f] [1,2,4]triazolo[4,3-a][ 1,4]|diazepin-4-y1]
phenyl}pentanoic acid (Example Compound 192-1)

OH

40

55

60

65
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z

To a solution of Reference Example compound 4 (400
mg) in 1,4-dioxane (3.5 mL) were added 4-pentenoic acid
(0.20 mlL), tris(dibenzylideneacetone)dipalladium(0) (46
mg), tri-tert-butylphosphonium tetrafluoroborate (58 mg),
N,N-dicyclohexylmethylamine (0.64 mL), and the mixture
was stirred with heating at 80° C. for 4 hr. The reaction
solution was diluted with toluene, and saturated aqueous
sodium hydrogen carbonate and water were added. After
partitioning, the aqueous layer was acidified with 1N hydro-
chloric acid and the mixture was extracted with chloroform.
The organic layer was washed with saturated brine, dried
over anhydrous sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure. The residue was dis-
solved in ethanol (10.0 mL), 10% palladium carbon (80 mg)
was added and, after hydrogen substitution, the mixture was
stirred at room temperature for 15 hr. The reaction mixture
was filtered through diatomaceous earth using chloroform,
and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (chloroform:methanol=99:1-90:10) to give a crude
title compound (495 mg) as a white powder.

MS (ESI) m/z: 423.2 [M+H]"
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(192-2) (2S,4R)-1-{(2S)-3,3-dimethyl-2-[(5-{4-
[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][ 1,2,4]
triazolo[4,3-a] [1,4]diazepin-4-yl]phenyl }pentanoyl)
amino]butanoyl}-4-hydroxy-N-{(18)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2- 5
carboxamide (Example Compound 192)

To a solution of Example compound 192-1 (70 mg) and
Reference Example compound 5 (81 mg) in N,N-dimethyl- ;s
formamide (2.0 mL) was added N,N-diisopropylethylamine
(0.083 mL), and HATU (79 mg) was added, and the mixture
was stirred at room is temperature for 5 hr. To the reaction
solution was added methanol (1.0 mL) and the mixture was 30
purified by preparative HPLC (10 mM aqueous ammonium
carbonate solution-acetonitrile) to give the title compound
(57 mg) as a milky white solid.

MS (ESI) m/z: 849.8 [M+H]*

35

Example 193

40
(193-1) (2S,4R)-1-{(2S)-3,3-dimethyl-2-[(6-{4-
[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][ 1,2,4]
triazolo[4,3-a] [1,4]diazepin-4-yl|phenyl}hexanoyl)
amino]butanoyl}-4-hydroxy-N-{(18)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2- 45
carboxamide (Example Compound 193)

OH

/

N

N

By reaction and treatment in the same manner as in
Example 192 (192-1)-(192-2) and using 5-hexenoic acid ¢s
instead of 4-pentenoic acid, the title compound was obtained
as a white powder. MS (ESI) m/z: 863.8 [M+H]*



US 11,542,273 B2

449
Example 194

(194-1) (2S,4R)-1-{(2S)-3,3-dimethyl-2-[(7-{4-
[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a] [1,4]diazepin-4-yl]phenyl }heptanoyl) 5
amino]butanoyl}-4-hydroxy-N-{(18)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 194)

/

N

N

By reaction and treatment in the same manner as in
Example 192 (192-1)-(192-2) and using 6-heptenoic acid »s
instead of 4-pentenoic acid, the title compound was obtained
as a white powder. MS (ESI) m/z: 877.8 [M+H]*

Example 195

(195-1) (28.4R)-1-{(2S)-3,3-dimethyl-2-[(9-{4- >0

[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][ 1,2,4]
triazolo[4,3-a] [1,4]diazepin-4-yl]phenyl }nonanoyl)
amino]butanoyl}-4-hydroxy-N-{(18)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 195)

/

N

NS

50
By reaction and treatment in the same manner as in
Example 192 (192-1)-(192-2) and using 8-nonenoic acid
instead of 4-pentenoic acid, the title compound was obtained
as a white powder. MS (ESI) m/z: 905.8 [M+H]*

55
Example 196
(196-1) methyl 1-[(4-bromophenyl)methoxy|cyclo-
propane-1-carboxylate (Example Compound 196-1)
O
o ~
(6]

Br 65

450

OH

OH

Yg(@/\/\/\/\/“\ I ag)\%N

To a mixture of methyl 1-hydroxycyclopropanecarboxy-
late (1.00 g), 4-bromobenzyl bromide (2.37 g) in N,N-
dimethylformamide (25.0 mL) was added sodium hydride
(60%, 362 mg), and the mixture was stirred at room tem-
perature for 20 hr. The reaction mixture was acidified with
0.1N hydrochloric acid and extracted with ethyl acetate. The
organic layer was washed successively with water and
saturated brine, dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The residue was
azeotropically distilled with toluene and purified by silica
gel column chromatography (hexane:ethyl acetate=95:5-85:
15) to give the title compound (2.06 g) as a colorless oil. MS
(ESD) m/z: 285.2, 287.2 [M+H]*
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(196-2) (2S,4R)-1-[(29)-2-({1-[(4-bromophenyl)
methoxy]cyclopropane-1-carbonyl }amino)-3,3-dim-
ethylbutanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-methyl-1,
3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 196-2)

OH
Br.
O
(0] N

N
H

0 N

(0] H

To a solution of Example compound 196-1 (0.32 g) in
tetrahydrofuran (3.0 mL), methanol (3.0 mL) was added 4N
aqueous sodium hydroxide solution (1.5 mL), and the mix-
ture was stirred at room temperature for 4 hr. The reaction
mixture was acidified with 0.5N hydrochloric acid and
concentrated under reduced pressure. The resulting solid
was suspension washed with water. The obtained compound
was dissolved in N,N-dimethylformamide (4.0 mL), and
N,N-diisopropylethylamine (0.65 mL), Reference Example
compound 5 (450 mg) were added. HATU (462 mg) was
added and the mixture was stirred at room temperature for
6 hr. Water was added to the reaction mixture and the
mixture was extracted with ethyl acetate. The organic layer
was washed successively with water and saturated brine,
dried over anhydrous sodium sulfate, filtered and concen-
trated under reduced pressure. The residue was azeotropi-
cally distilled with toluene and purified by silica gel column
chromatography (chloroform:methanol=99:1-93:7) to give
the title compound (563 mg) as a white powder.

MS (ESI) m/z: 697.6, 699.6 [M+H]*

(196-3) (2S,4R)-1-{(2S)-3,3-dimethyl-2-[(1-{[4-(4, 40
4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl|
methoxy }cyclopropane-1-carbonyl)amino |bu-
tanoyl}-4-hydroxy-N-{(18)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }pyrrolidine-2-carboxamide
(Example Compound 196-3)
(6]
\ o
B $
0" o) \
N
H
o N
(6] H
60

A mixture of Example compound 196-2 (130 mg), bis
(pinacolato)diboron (70 mg), potassium acetate (54 mg),
1,1'-bis(diphenylphosphino)ferrocene-palladium(Il) dichlo-
ride dichloromethane complex (30 mg) and 1,4-dioxane (3.0
ml) was stirred with heating at 100° C. for 4 hr. Bis
(pinacolato)diboron (70 mg), 1,1'-bis(diphenylphosphino)
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ferrocene-palladium(II) dichloride dichloromethane com-
plex (30 mg) were added, and the mixture was stirred with
heating at 100° C. for 5 hr. Water was added to the reaction
mixture, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried

Z
_J

over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by silica
gel column chromatography (ethyl acetate:methanol=99:1-
90:10) to give the title compound (116 mg) as a pale-brown
oil. MS (ESI) nv/z: 745.7 [M+H]*

(196-4) tert-butyl 2-acetamido-4,5-dimethylthi-
ophene-3-carboxylate (Example Compound 196-4)

To a mixed solution of t-butyl 2-amino-4,5-dimethylthi-
ophene-3-carboxylate (14.0 g) in tetrahydrofuran (100 mL)
and pyridine (14.9 mL) was added dropwise a solution of

acetyl chloride (5.67 mL) in tetrahydrofuran (125 mL) under
ice-cooling and the mixture was stirred under ice-cooling for
2 hr. The reaction mixture was concentrated under reduced
pressure, water was added and the mixture was extracted 3
times with chloroform. The organic layer was concentrated
under reduced pressure, and the resulting solid was suspen-
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sion washed with diethyl ether and dried to give the title
compound (13.3 g) as a white solid. MS (ESI) m/z: 270.1
[M+H]*

(196-5) tert-butyl 2-(3-{(1S)-1-[(tert-butoxycarbo-
nyl)amino]ethyl}-5-methyl-4H-1,2,4-triazol-4-y1)-4,
5-dimethylthiophene-3-carboxylate (Example Com-

pound 196-5)

x%*rTK

A mixture of Example compound 196-4 (6.00 g) and
Lawesson reagent (5.41 g) in 1,4-dioxane (60.0 mL) was
divided into 3 batches. Under microwave radiation, the
mixture was stirred with heating at 100° C. for 3 hr. The
reaction mixture was concentrated under reduced pressure
and the resulting solid was suspension washed with a
mixture of diisopropyl ether:chloroform=8:1 and dried. The
obtained compound was dissolved in tetrahydrofuran (130
ml), hydrazine monohydrate (3.32 mL) was added, and the
mixture was stirred at room temperature for 1.5 hr. Water
was added to the reaction mixture, and the mixture was
extracted 3 times with ethyl acetate. The organic layer was
washed with aqueous sodium hypochlorite solution, dried
over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure to give an intermediate. A reaction
mixture of a solution of N-(t-butoxycarbonyl)-L-alanine
(8.62 g), N-methylmorpholine (6.26 mL.) in tetrahydrofuran
(130 mL) and isobutyl chloroformate (5.91 mL), which was
prepared separately, was added dropwise to a solution of the
above-mentioned intermediate in tetrahydrofuran (65.0 mL),
and the mixture was stirred at room temperature for 2 hr. The
reaction mixture was concentrated under reduced pressure,
dissolved in chloroform, and washed with water. The
organic layer was dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The resi-
due was dissolved in 2-propanol (195 mL), and the mixture
was stirred at 120° C. for 21 hr. The reaction mixture was
concentrated under reduced pressure, and the residue was
purified by silica gel column chromatography (chloroform:
methanol) to give the title compound (9.04 g) as a pale-
yellow oil. MS (ESI) m/z: 437.3 [M+H]|*

(196-6) (6S)-2,3,6,9-tetramethyl-5,6-dihydro-4H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-4-
one (Example Compound 196-6)

10
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To a solution of Example compound 196-5 9.00 g) in

1,4-dioxane (90.0 mL) was added 4 M hydrogen chloride/
dioxane solution (52.0 mL), and the mixture was stirred with
heating at 60° C. for 2.5 hr. The reaction mixture was
concentrated under reduced pressure, and the resulting solid
was suspension washed with ethyl acetate. The obtained
solid was dissolved in N,N-dimethylformamide (206 ml.)
and N,N-diisopropylethylamine (8.91 mL). HATU (11.8 g)
was added and the mixture was stirred at room temperature
for 1.5 hr. To the reaction mixture was added saturated
aqueous sodium hydrogen carbonate, and the mixture was
extracted with chloroform. The organic layer was dried over
anhydrous sodium sulfate, filtered, concentrated under
reduced pressure, and azeotropically distilled with toluene.
The residue was purified by silica gel column chromatog-
raphy (chloroform:methanol) and the obtained solid was
suspension washed with diisopropyl ether and dried to give
the title compound (3.72 g) as a pale-yellow solid.
MS (ESI) m/z: 263.1 [M+H]"
(196-7) (6S)-4-chloro-2,3,6,9-tetramethyl-6H-thieno

[3,2-f] [1,2,4]triazolo[4,3-a][1,4]diazepine (Example
Compound 196-7)

[\

A suspension of Example compound 196-6 (3.00 g) in
phosphorus oxychloride (25.0 mL) was stirred with heating
at 105° C. for 3 hr. The reaction mixture was concentrated
under reduced pressure and azeotropically distilled with
toluene. The residue was dissolved in dichloromethane, and
washed successively with saturated aqueous sodium hydro-
gen carbonate and saturated brine. The organic layer was
dried over anhydrous sodium sulfate, filtered and concen-
trated. The residue was purified by silica gel column chro-
matography (chloroform:methanol) and the obtained solid
was suspension washed with diethyl ether to give the title
compound (1.78 g) as a pale-brown solid. MS (ESI) m/z:
281.1, 283.1 [M+H]*
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(196-8) (2S,4R)-1-[(2S)-3,3-dimethyl-2-{[ 1-({4- By reaction and treatment in the same manner as in
[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][ 1,2,4] .
triazolo[4,3-a] [1,4]diazepin-4-yl]phenyl}methoxy) Example 207 (207-1)-(207-2) and using Example compound
cyclopropane-1-carbonyl]Jamino }butanoyl]-4- 191 instead of Example compound 62, the title compound

hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1) 5 . . ]
phenyljethylpyrrolidine-2-carboxamide (Example was obtained as a white powder. MS (ESI) m/z: 906.7
Compound 196) [M+H]*

<
’\g /g
U
AN

)\( _J

A mixture of Example compound 196-3 (112 mg), Example 198

Example compound 196-7 (52 mg), potassium phosphate

(91 mg), 1,2-dimethoxyethane (2.5 mL), water (0.21 mL), 2 (198-1) ethyl 3-{4-[(6S)-2,3,6,9-tetramethyl-6H-
tetrakis(triphenylphosphine)palladium(0) (41 mg) was thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-4-
stirred at 85° C. for 3 hr. Water was added to the reaction yllpheny1}prop-2-ynoate (Example Compound 198-
mixture and the mixture was extracted with ethyl acetate. o b

The organic layer was washed with saturated brine, dried

over anhydrous sodium sulfate, filtered, and the filtrate was

concentrated under reduced pressure. The residue was puri-

fied by silica gel column chromatography (chloroform:

methanol=99:1-90:10) to give the title compound (97 mg) as

35

\

NS

a white powder. S

MS (ESI) m/z: 863.7 [M+H]*

Example 197 40

=
X \
Y |
(197-1) (2S.4R)-1-{(28)-2-[4-(4-{(6S)-6-[2-(dimeth- N\N)\(

ylamino)-2-oxoethyl]-2,3,9-trimethyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-a] [1,4]diazepin-4-yl}phenyl)

butanamido]-3,3-dimethylbutanoyl }-4-hydroxy-N- 43 . .
{(lS)-l-[31-(4-methyl-}l/,3-thiaz}cljl}:S-yl)}}])hen;l] A mixture of ethyl 3-[4-(4,4,5,5-tetramethyl-1,3,2-dioxa-
ethyl}pyrrolidine-2-carboxamide (Example Com- borolan-2-yl)phenyl]propiolate (130 mg) described in WO
pound 197) 2017/085198, Example compound 196-7 (134 mg), potas-

OH
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sium phosphate (184 mg), 1,2-dimethoxyethane (4.5 mL),

water (0.43 mL), tetrakis(triphenylphosphine)palladium(0)
(100 mg) was stirred at 85° C. for 2 hr. Water was added to
the reaction mixture and the mixture was extracted with
chloroform. The organic layer was washed with saturated
brine, dried over anhydrous sodium sulfate, filtered, and the
filtrate was concentrated under reduced pressure. The resi-
due was purified by silica gel column chromatography (ethyl
acetate:methanol=99:1-90:10) to give the title compound
(68 mg) as a pale-yellow oil. MS (ESI) m/z: 419.3 [M+H]*

(198-2) (2S,4R)-1-{(2S)-3,3-dimethyl-2-[(3-{4-
[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][ 1,2,4]
triazolo[4,3-a] [1,4]diazepin-4-yl]phenyl }prop-2-
ynoyl)amino]butanoyl }-4-hydroxy-N-{(18)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 198)

To a solution of Example compound 198-1 (65 mg) in
tetrahydrofuran (1.5 mL), methanol (1.5 mL.) was added 2 M
aqueous lithium hydroxide solution (1.0 mL), and the mix-
ture was stirred at room temperature for 2 hr. The reaction
mixture was acidified with 0.5N hydrochloric acid and
extracted with chloroform. The organic layer was washed
with saturated brine, dried over anhydrous sodium sulfate,
filtered, and the filtrate was concentrated under reduced
pressure. The obtained residue was dissolved in N,N-dim-
ethylformamide (1.5 mL), and N,N-diisopropylethylamine
(0.075 mL), Reference Example compound 5 (104 mg) were
added. HATU (78 mg) was added and the mixture was
stirred at room temperature for 14 hr. To the reaction
solution was added methanol (1.0 mL) and the mixture was
purified by preparative HPLC (10 mM aqueous ammonium
carbonate solution-acetonitrile) and further purified by pre-

parative HPLC (0.05% aqueous trifluoroacetic acid solution-
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0.05% acetonitrile solution of trifluoroacetic acid) to give
the title compound (43 mg) as a white powder. MS (ESI)
m/z: 817.7 [M+H]*

Example 199

(199-1) 1-[(prop-2-en-1-yl)oxy]cyclopropane-1-
carboxylic acid (Example Compound 199-1)

OH

\/\O

To a mixture of methyl 1-hydroxycyclopropanecarboxy-
late (400 mg), allyl bromide (0.36 mL) in N,N-dimethylfor-

Tz

mamide (8.0 mL) was added sodium hydride (60%, 145
mg), and the mixture was stirred at room temperature for 3
days. The reaction mixture was acidified with 0.1N hydro-
chloric acid and the mixture was extracted with diethyl ether.
The organic layer was washed successively with water and
saturated brine, dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The obtained
residue was dissolved in tetrahydrofuran (8.0 ml) and
methanol (8.0 mL), 4N aqueous sodium hydroxide solution
(4.0 mL) was added, and the mixture was stirred at room
temperature for 8 hr. The reaction mixture was washed with
diisopropyl ether and the aqueous layer was acidified with
2N hydrochloric acid. The mixture was extracted with
chloroform. The organic layer was washed with saturated
brine, dried over anhydrous magnesium sulfate, filtered, and
the filtrate was concentrated under reduced pressure to give
the title compound as a pink oil. MS (ESI) m/z: 141.0
[M-H]~
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(199-2) (2S,4R)-1-[(2S)-3,3-dimethyl-2-{[1-(3-{4-
[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][ 1,2,4]
triazolo[4,3-a] [1,4]diazepin-4-yl|phenyl}propoxy)
cyclopropane-1-carbonyl]Jamino }butanoyl]-4-
hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}pyrrolidine-2-carboxamide (Example
Compound 199)

By reaction and treatment in the same manner as in
Example 192 (192-1)-(192-2) and using Example compound
199-1 instead of 4-pentenoic acid, the title compound was
obtained as a white powder. MS (ESI) m/z: 891.7 [M+H]*

Example 200

(200-1) (4S)-6-(4-bromophenyl)-1,4-dimethyl-8,9-

dihydro-4H,7H-cyclopenta[4,5]thieno[3,2-f][1,2,4]

triazolo[4,3-a] [1,4]diazepine (Example Compound
200-1)

By reaction and treatment in the same manner as in
Reference Example 4 (4-1)-(4-4) and using cyclopentanone
instead of ethyl methyl ketone, the title compound was
obtained as a white powder. MS (ESI) nv/z: 413.2, 415.2
[M+H]*
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(200-2) methyl 4'-[(4S)-1,4-dimethyl-8,9-dihydro-
4H,7H-cyclopenta[4,5]thieno[3,2-f][1,2,4]triazolo[ 4,
3-a] [1,4] diazepin-6-yl][1,1'-biphenyl]-4-carboxy-
late (Example Compound 200-2)

A mixture of Example compound 200-1 (150 mg),
(4-methoxycarbonylphenyl)boronic acid (78 mg), sodium
carbonate (77 mg), 1,4-dioxane (3.0 mL), water (1.0 mL)
and 2-dicyclohexylphosphino-2'4',6'-triisopropylbiphenyl
aminobiphenyl palladium chloride precatalyst (14 mg) was
stirred with heating at 100° C. for 20 min under microwave
radiation. Water was added to the reaction mixture and the
mixture was extracted with ethyl acetate. The organic layer
was washed with saturated brine, dried over anhydrous
sodium sulfate, filtered, and the filtrate was concentrated
under reduced pressure. The residue was purified by NH
silica gel column chromatography (hexane:ethyl acetate=80:
20-0:100) to give the title compound (169 mg) as a pale-
yellow powder.

MS (ESI) m/z: 469.4 [M+H]"
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(200-3) 4'-[(4S)-1,4-dimethyl-8,9-dihydro-4H,7H-
cyclopenta[4,5]thieno[3,2-][1,2,4]triazolo[4,3-a]
[1,4]diazepin-6-y1][1,1'-biphenyl]-4-carboxylic acid
(Example Compound 200-3)

To a solution of Example compound 200-2 (162 mg) in
tetrahydrofuran (1.0 mL), ethanol (3.5 mL) was added 1N
aqueous sodium hydroxide solution (3.5 mL) and the mix-
ture was stirred at room temperature for 16 hr. The reaction
mixture was acidified with 1N hydrochloric acid and the
resulting precipitate was collected by filtration to give the
title compound (145 mg) as a pale-yellow solid.

MS (ESI) m/z: 455.4 [M+H]*

(200-4) (2S,4R)-1-[(289)-2-({4'-[(45)-1,4-dimethyl-8,
9-dihydro-4H,7H-cyclopenta| 4,5]thieno[3,2-1][1,2,4]
triazolo[4,3-a] [1,4]diazepin-6-y1][1,1'-biphenyl]-4-
carbonyl}amino)-3,3-dimethylbutanoyl]-4-hydroxy-
N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 200)

To a solution of Example compound 200-3 (30 mg) in
N,N-dimethylformamide (1.3 ml.) were added Reference
Example compound 5 (48 mg), N.N-diisopropylethylamine
(0.034 mL) and HATU (50 mg) was added and the mixture
was stirred at room temperature for 18 hr. To the reaction
solution was added methanol (1.0 mL) and the mixture was
purified by preparative HPLC (10 mM aqueous ammonium
carbonate solution-acetonitrile) to give the title compound
(45 mg) as a white powder.

MS (ESI) m/z: 881.7 [M+H]*

2e
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Example 201

(201-1) tert-butyl (2E)-3-{4-[(6S)-2,3,6,9-tetram-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]diaz-
epin-4-yl|phenyl}prop-2-enoate (Example Com-
pound 201-1)

To a solution of Reference Example compound 4 (1.00 g)
in 1,4-dioxane (5.0 mL.) were added tert-butyl acrylate (0.91
mL), tris(dibenzylideneacetone)dipalladium(0) (57 mg), tri-
tert-butylphosphonium tetratluoroborate (72 mg), N,N-dicy-
clohexylmethylamine (1.1 mL), and the mixture was stirred
with heating at 80° C. for 3 hr. Furthermore, tert-butyl
acrylate (0.37 mL), tris(dibenzylideneacetone)dipalladium
(0) (57 mg), tri-tert-butylphosphonium tetraffuoroborate (72
mg), N,N-dicyclohexylmethylamine (0.53 mL) were added

and the mixture was stirred at 100° C. for 2 hr under

:,/

S

60

65

microwave radiation. The reaction mixture was filtered
through celite using acetonitrile, and the filtrate was con-
centrated under reduced pressure. The residue was purified
by silica gel column chromatography (ethyl acetate:metha-
nol=100:0-90:10) and further purified by NH silica gel
column chromatography (hexane:ethyl acetate=80:20-50:
50) to give the title compound (1.41 g) as a pale-yellow
viscous compound.
MS (ESI) m/z: 449.4 [M+H]"
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(201-2) (2S,4R)-1-[(28)-3,3-dimethyl-2-{[(2E)-3-
{4-[(68)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a] [1,4]diazepin-4-yl]phenyl }prop-2-
enoyl]amino} butanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 201)

(¢]
= \ N
S H
(0]

/

To a solution of Example compound 201-1 (85 mg) in
dichloromethane (2.5 ml) was added trifluoroacetic acid
(1.0 mL) and the mixture was stirred at room temperature for
3 hr. The reaction mixture was concentrated under reduced
pressure and azeotropically distilled with toluene. The resi-
due was dissolved in N,N-dimethylformamide (2.0 mL),
Reference Example compound 5 (119 mg), HATU (130 mg),
N,N-diisopropylethylamine (0.33 ml.) were added and the
mixture was stirred at room temperature for 18 hr. To the
reaction solution was added methanol (1.0 mL) and the
mixture was purified by preparative HPL.C (10 mM aqueous
ammonium carbonate solution-acetonitrile) to give the title
compound (85 mg) as a white powder.

MS (ESI) m/z: 819.6 [M+H]+

Example 202

(202-1) 3-{4-[(6S)-2,3,6,9-tetramethyl-6H-thieno[ 3,
2-f] [1,2,4]triazolo[4,3-a][ 1,4]|diazepin-4-y1]
phenyl}propanoic acid (Example Compound 202-1)

e}

== OH
S

To a solution of Example compound 201-1 (500 mg) in
ethanol (5.0 mL) was added 10% palladium carbon (60 mg)
and, after hydrogen substitution, the mixture was stirred at
room temperature for 5 days. The reaction mixture was
filtered through diatomaceous earth using chloroform, and
the filtrate was concentrated under reduced pressure. The
residue was dissolved in dichloromethane (4.0 mL), trifluo-
roacetic acid (2.0 mL.) was added and the mixture was stirred
at room temperature for 2 hr. The reaction mixture was
concentrated under reduced pressure and azeotropically dis-
tilled with toluene. The residue was dissolved in chloroform,
1N aqueous sodium hydroxide solution was slowly added to
set to pH4, and the mixture was extracted with chloroform.
The organic layer was washed with saturated aqueous
ammonium chloride solution and saturated brine, dried over
anhydrous sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure to give the title com-
pound (440 mg) as a pale-yellow viscous compound. MS
(ESD) nv/z: 395.3 [M+H]*
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(202-2) (2S,4R)-1-[(2S)-3,3-dimethyl-2-(3-{4-[(6S)-
2,3,6,9-tetramethyl-6H-thieno[3,2-][1,2,4|triazolo
[4,3-a] [1,4]diazepin-4-yl|phenyl}propanamido)
butanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }pyrrolidine-2-carboxamide
(Example Compound 202)

S~

To a solution of Example compound 202-1 (95 mg) and
Reference Example compound 5 (136 mg) in N,N-dimeth-
ylformamide (2.0 mL) was added N,N-diisopropylethylam-
ine (0.19 mL). HATU (148 mg) was added and the mixture
was stirred at room temperature for 15 hr. To the reaction
solution was added methanol (1.0 mL) and the mixture was
purified by preparative HPLC (10 mM aqueous ammonium
carbonate solution-acetonitrile) to give the title compound
(125 mg) as a white powder. MS (ESI) nv/z: 821.6 [M+H]*

Example 203

(203-1) (2S,4R)-1-[(28)-2-({2",3-difluoro-4'-[(6S)-2,
3,6,9-tetramethyl-6H-thieno[3,2-f][ 1,2,4]triazolo[ 4,
3-a] [1,4]diazepin-4-y1][1,1'-biphenyl]-4-
carbonyl}amino)-3,3-dimethylbutanoyl]-4-hydroxy-
N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 203)

Tz

A mixture of (4-chloro-2-fluorophenyl)boronic acid (225
mg), t-butyl 4-bromo-2-fluorobenzoate (426 mg), potassium
carbonate (446 mg), 1,2-dimethoxyethane (7.0 mL), water
(1.6 mL), tetrakis(triphenylphosphine)palladium(0) (149
mg) was stirred with heating at 90° C. for 2 hr. Water was
added to the reaction mixture and the mixture was extracted
with ethyl acetate. The organic layer was washed with
saturated brine, dried over anhydrous sodium sulfate, fil-
tered, and the filtrate was concentrated under reduced pres-
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sure. The residue was purified by silica gel column chro-
matography  (hexane:ethyl acetate=95:5-90:10). The
obtained compound was dissolved in 1,4-dioxane (4.0 mL),
and bis(pinacolato)diboron (136 mg), potassium acetate (70
mg), 2-dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl
aminobiphenyl palladium methanesulfonate precatalyst (15

H

IW

N
H

_/

mg) were added, and the mixture was stirred with heating at
95° C. for 2 hr. To the reaction mixture were added Example
compound 196-7 (151 mg), potassium phosphate (228 mg),
water (0.60 mL), tetrakis(triphenylphosphine)palladium(0)
(103 mg), and the mixture was stirred with heating at 80° C.
for 2 hr. Furthermore, tetrakis(triphenylphosphine)palla-
dium(0) (62 mg) was added, and the mixture was stirred
with heating at 80° C. for 2 hr. To the reaction mixture was
added ethyl acetate and the insoluble material was filtered
off through diatomaceous earth. Water was added and the
mixture was extracted with ethyl acetate. The organic layer
was washed with saturated brine, dried over anhydrous
sodium sulfate, filtered, and the filtrate was concentrated
under reduced pressure. The residue was purified by silica
gel column chromatography (ethyl acetate:methanol=100:0-
90:10). The obtained compound was dissolved in dichlo-
romethane (2.0 mL), trifluoroacetic acid (0.80 ml.) was

OH

added, and the mixture was stirred at room temperature for
5 hr. The reaction mixture was concentrated and azeotropi-
cally distilled with toluene. The obtained residue was dis-
solved in N,N-dimethylformamide (2.0 mL) and N,N-diiso-
propylethylamine (0.29 ml), and Reference Example
compound 5 (122 mg), HATU (128 mg) were added and the
mixture was stirred at room temperature for 4 days. To the
reaction solution was added methanol (1.0 mL) and the
mixture was purified by preparative HPL.C (10 mM aqueous
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ammonium carbonate solution-acetonitrile) to give the title
compound (67 mg) as a white powder. MS (ESI) m/z: 905.7
[M+H]*

Example 204
(204-1) 5-chloro-2-fluoro-4'-[(6S)-2,3,6,9-tetram-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]diaz-
epin-4-yl1][1,1'-biphenyl]-4-carboxylic acid (Ex-
ample Compound 204-1)

Cl (€]

T

A mixture of Reference Example compound 4 (370 mg),
t-butyl  2-chloro-5-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-di-
oxaborolan-2-yl)benzoate (330 mg), potassium phosphate
(587 mg), 1,4-dioxane (5.0 mL), water (1.1 mL), 2-dicyclo-
hexylphosphino-2'-6'-dimethoxybiphenyl  aminobiphenyl
palladium chloride precatalyst (66 mg) and S-phos (38 mg)
was stirred with heating at 75° C. for 4 hr. Water was added
to the reaction mixture and the mixture was extracted with
ethyl acetate. The organic layer was washed with saturated
brine, dried over anhydrous sodium sulfate, filtered, and the
filtrate was concentrated under reduced pressure. The resi-
due was purified by NH silica gel column chromatography
(hexane:ethyl acetate=85:15-45:55). The obtained com-
pound was dissolved in dichloromethane (4.0 mL), trifluo-
roacetic acid (1.5 mL) was added, and the mixture was
stirred at room temperature for 2.5 hr. The reaction mixture
was concentrated under reduced pressure, and the residue
was dissolved in 1 M aqueous sodium carbonate solution
and washed with toluene. The aqueous layer was acidified
with 2N hydrochloric acid and the resulting precipitate was
collected by filtration to give the title compound (310 mg) as
a white solid.

MS (ESI) m/z: 495.3, 497.3 [M+H]*

(204-2) (2S,4R)-1-[(28)-2-({5-chloro-2-fluoro-4'-
[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][ 1,2,4]
triazolo[4,3-a] [1,4]|diazepin-4-y1][1,1'-biphenyl]-4-
carbonyl}amino)-3,3-dimethylbutanoyl]-4-hydroxy-
N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 204)
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To a solution of Example compound 204-1 (65 mg) and
Reference Example compound 5 (95 mg) in N,N-dimethyl-
formamide (1.5 mL)) was added N,N-diisopropylethylamine
(0.091 mL). HATU (100 mg) was added and the mixture was
stirred at room temperature for 18 hr. To the reaction
solution was added methanol (1.0 mL) and the mixture was
purified by preparative HPLC (10 mM aqueous ammonium
carbonate solution-acetonitrile) to give the title compound
(54 mg) as a white powder.

MS (ESI) m/z: 921.6, 923.6 [M+H]*

Example 205

(205-1) [(6S)-4-(4-chlorophenyl)-2,3,9-trimethyl-
6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-
6-yl]acetonitrile (Example Compound 205-1)

Cl

==
=

==y

To a solution of (6S)-4-(4-chlorophenyl)-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepine-6-ace-
tic acid (500 mg) in N,N-dimethylformamide (6.0 mL) was
added 28% aqueous ammonia (0.30 mL). 1-Hydroxy-7-
azabenzotriazole (HOAt) (170 mg), 1-(3-dimethylamino-
propyl)-3-ethylcarbodiimide hydrochloride (WSCI) (311
mg) were added, and the mixture was stirred at room
temperature for 5 hr. Water was added to the reaction
mixture and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried
over anhydrous sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure. The residue was dis-
solved in tetrahydrofuran (18.0 mL) and N,N-diisopropyl-
ethylamine (0.85 mL). Trifluoroacetic anhydride (0.34 m[.)
was added and the mixture was stirred at room temperature
for 3 hr. N,N-diisopropylethylamine (0.43 mL), trifluoro-
acetic anhydride (0.17 mL) were further added and the
mixture was stirred at room temperature for 16 hr. Water was
added to the reaction mixture and the mixture was extracted
with ethyl acetate. The organic layer was washed with
saturated brine, dried over anhydrous sodium sulfate, fil-




US 11,542,273 B2

469

tered, and the filtrate was concentrated under reduced pres-
sure. The residue was purified by NH silica gel column
chromatography (ethyl acetate) to give the title compound
(255 mg) as a milky white powder. MS (ESI) m/z: 382.2,
384.2 [M+H]*

(205-2) tert-butyl 4'-[(6S)-6-(cyanomethyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl][1,1'-biphenyl]-4-carboxylate (Ex-
ample Compound 205-2)
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A mixture of Example compound 205-1 (114 mg), t-butyl

4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate
(227 mg), potassium carbonate (124 mg), tetrahydrofuran
(3.0 mL), water (0.80 mL), 2-dicyclohexylphosphino-2'-6'-
dimethoxybiphenyl aminobiphenyl palladium chloride pre-
catalyst (22 mg), S-phos (12 mg) was stirred with heating
under reflux for 3 hr. Water was added to the reaction
mixture and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried
over anhydrous sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure. The residue was puri-
fied by silica gel column chromatography (chloroform:
methanol=99:1-90:10) to give the title compound (165 mg)
as a gray powder. MS (ESI) m/z: 524.4 [M+H]*

(205-3) (2S,4R)-1-[(2S)-2-({4'-[(6S)-6-(cyanom-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-][1,2,4 ]tri-
azolo[4,3-a][1,4]diazepin-4-y1][1,1'-biphenyl]-4-
carbonyl}amino)-3,3-dimethylbutanoyl]-4-hydroxy-
N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 205)

To a solution of Example compound 205-2 (80 mg) in
dichloromethane (3.0 mL) was added trifluoroacetic acid
(1.0 mL) and the mixture was stirred at room temperature for
2 hr. The reaction mixture was concentrated under reduced
pressure, and azeotropically distilled with toluene. The
obtained residue was dissolved in N,N-dimethylformamide
(1.5 mL), and N,N-diisopropylethylamine (0.22 mL), Ref-
erence Example compound 5 (92 mg) were added. HATU
(96 mg) was added and the mixture was stirred at room
temperature for 15 hr. To the reaction solution was added
methanol (1.0 mL) and the mixture was purified by prepara-
tive HPLC (10 mM aqueous ammonium carbonate solution-
acetonitrile) to give the title compound (92 mg) as a milky
white powder. MS (ESI) m/z: 894.7 [M+H]*
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Example 206

(206-1) (2S,4R)-1-{(2S)-2-[(2-fluoro-4'-{(6S)-2,3,9-
trimethyl-6-[2-(methylamino)-2-oxoethyl]-6H-thieno
[3,2-f] [1,2,4]triazolo[4,3-a][1,4]diazepin-4-y1}[1,1'- 5
biphenyl]-4-carbonyl)amino]-3,3-
dimethylbutanoyl}-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 206)

By reaction and treatment in the same manner as in
Example 207 (207-1)-(207-2) and using 2 M tetrahydrofuran
solution of methylamine instead of 2 M tetrahydrofuran
solution of dimethylamine, the title compound was obtained
as a white powder. MS (ESI) m/z: 944.4 [M+H]* 30

Example 207

(207-1) {(6S)-4-[2'-fluoro-4'-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1) 35
phenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl }carbamoyl)[1,1'-biphenyl]-4-
y1]-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[ 4,
3-a][1,4]diazepin-6-yl}acetic acid (Example
Compound 207-1)

=z

OH

To a solution of Example compound 62 (698 mg) in
tetrahydrofuran (3.5 ml) and methanol (3.5 mL.) was added
2 M aqueous lithium hydroxide solution (1.5 mL) and the
mixture was stirred at room temperature for 1 hr. The
reaction mixture was acidified with 0.5N hydrochloric acid
under ice-cooling and the mixture was extracted with chlo-
roform. The organic layer was washed with saturated brine,
dried over anhydrous sodium sulfate, filtered, and the filtrate
was concentrated under reduced pressure to give the title 65
compound (750 mg) as a crude white powder. MS (ESI) m/z:
931.6 [M+H]"

60
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(207-2) (2S,4R)-1-{(28)-2-[(4'-{(6S)-6-[2-(dimeth-
ylamino)-2-oxoethyl]-2,3,9-trimethyl-6H-thieno
[3,2-][1,2,4]triazolo [4,3-a] [1,4]diazepin-4-yl1}-2-
fluoro [1,1'-biphenyl]-4-carbonyl)amino]-3,3-dim-
ethylbutanoyl}-4-hydroxy-N-{(1S)-1-[4-(4-methyl- 5
1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 207)

=z

e}

To a solution of Example compound 207-1 (90 mg) in
methanol (1.5 mL) was added 2 M tetrahydrofuran solution
(0.11 mL) of dimethylamine. 4-(4,6-Dimethoxy[1.3.5]tri- 3
azin-2-yl)-4-methylmorpholinium chloride hydrate (DMT-
MM) (115 mg) was added, and the mixture was stirred at
room temperature for 19 hr. Water was added to the reaction
solution and the mixture was extracted with chloroform. The
organic layer was concentrated under reduced pressure. The
residue was purified by preparative HPL.C (10 mM aqueous
ammonium carbonate solution-acetonitrile) to give the title
compound (73 mg) as a white powder. MS (ESI) m/z: 958.4
[M+H]*

<
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40
Example 208
(208-1) 2-[(6S)-4-(4-chlorophenyl)-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl]-N-phenylacetamide (Example Compound 208- 43
D
Cl 50
55
——N
H
/ N,
S NNy O
/ 60
=N
To a solution of (S)-4-(4-chlorophenyl)-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepine-6-ace- 65

tic acid (4.0 g) in tetrahydrofuran (20.0 mL) were added
triethylamine (1.50 mL), pivaloyl chloride (1.30 mL) under

474

ice-cooling, and the mixture was stirred at the same tem-
perature for 0.5 hr. To the reaction mixture was added aniline
(0.96 mL), and the mixture was stirred at room temperature
for 5 hr. Water was added to the reaction mixture, and the
mixture was extracted with ethyl acetate, and the extract was
washed with saturated brine, dried over anhydrous sodium
sulfate and filtered. The solvent was evaporated under

OH

Tz

reduced pressure. The obtained residue was purified by NH
silica gel column chromatography (hexane:ethyl acetate) to
give the title compound (4.95 g) as a white solid.

MS (ESI) m/z: 476.0, 478.0 [M+H]*

(208-2) 2-[(6S)-4-(4-hydroxyphenyl)-2,3,9-trim-
ethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][ 1,4]diaz-
epin-6-yl]-N-phenylacetamide (Example Compound

208-2)

HO

N

\

A mixture of Example compound 208-1 (503 mg), [(2-
di-tert-butylphosphino-3,6-dimethoxy-2',4',6'-triisopropyl-
1,1'-biphenyl)-2-(2'-amino-1,1'-biphenyl) |palladium(Il)
methanesulfonate (180 mg), potassium phosphate (342 mg),
water (0.48 mL) in tetrahydrofuran (4.3 ml) was stirred
with heating at 80° C. for 2 hr under microwave irradiation.
Water was added to the reaction mixture and the mixture was
extracted with chloroform. The organic layers were col-
lected, dried over anhydrous sodium sulfate, and the solvent
was evaporated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform:
methanol=100:0-93:7) to give a crudely purified title com-
pound (330 mg) as a yellow solid. MS (ESI) m/z: 458.3
[M+H]*

s

/
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(208-3) tert-butyl (3-{4-[(6S)-6-(2-anilino-2-0xo0-
ethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]tri-
azolo[4,3-a][1,4]diazepin-4-y1]phenoxy }propoxy)
acetate (Example Compound 208-3)

B! l\’?ﬁ@
e

To a mixture of Example compound 208-2 (50 mg),
potassium carbonate (20 mg), N,N-dimethylformamide (1.5
ml) was added tert-butyl 2-[3-(p-tolylsulfonyloxy)propoxy|
acetate (45 mg) and the mixture was stirred at 70° C. for 3.5
hr. Water was added to the reaction mixture, and the mixture
was extracted twice with ethyl acetate. The combined
organic layer was washed 3 times with water and one time
with saturated brine, dried over anhydrous sodium sulfate
and filtered. The solvent was evaporated under reduced
pressure. The obtained residue was purified by NH silica gel
column chromatography (ethyl acetate:methanol=100:0-95:
5) to give the title compound (56 mg) as a white solid. MS
(ESD) nv/z: 630.5 [M+H]*

(208-4) (3-{4-[(6S)-6-(2-anilino-2-oxoethyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]phenoxy }propoxy)acetic acid (Ex-
ample Compound 208-4)

) \_W\O
A

10

30

35

40

45

50

476

To a solution of Example compound 208-4 (54 mg) in
dichloromethane (1.0 mL) was added trifluoroacetic acid
(0.25 mL) under ice-cooling, and the mixture was stirred at
room temperature for 3.5 hr. The reaction mixture was
concentrated under reduced pressure, and an operation to
add toluene to the residue and concentrate the mixture was
performed twice. The residue was dissolved in ethyl acetate,
water and saturated aqueous sodium hydrogen carbonate
were added. The organic layer was separated and further
extracted with water and saturated aqueous sodium hydro-
gen carbonate. The obtained aqueous layers were combined,
acidified with 5% aqueous citric acid solution and extracted
twice with ethyl acetate. The obtained organic layers were
combined, washed successively with water and saturated
brine, dried over anhydrous sodium sulfate and filtered. The
filtrate was concentrated under reduced pressure and dried
under reduced pressure to give the title compound (45 mg)

as a pale-yellow solid.
MS (ESI) m/z: 574.2 [M+H]*

(208-5) (2S,4R)-1-{(2S)-2-[2-(3-{4-[(6S)-6-(2-an-
ilino-2-oxoethyl)-2,3,9-trimethyl-6H-thieno[3,2-][1,
2.4]triazolo[4,3-a] [1,4]diazepin-4-yl]
phenoxy }propoxyacetamido]-3,3-
dimethylbutanoyl}-4-hydroxy-N-{[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]methyl }pyrrolidine-2-
carboxamide (Example Compound 208)

/S\ji\?or O

To a solution of Example compound 208-4 (23 mg),
Reference Example compound 6 (19 mg) in tetrahydrofuran
(2.0 mL), water (0.4 mL), N,N-diisopropylethylamine
(0.015 mL) was added DMT-MM (17 mg) under ice-cool-
ing, and the mixture was stirred at room temperature for 17
hr. To the reaction mixture were added saturated aqueous
sodium hydrogen carbonate and water and the mixture was
extracted twice with ethyl acetate. The obtained organic
layers were combined, washed with saturated brine, 5%
citric acid water (aqueous layer pH=3-4). The obtained
organic layer was washed twice with saturated brine, dried
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over anhydrous sodium sulfate and filtered. The solvent was
evaporated under reduced pressure. The residue was purified
by silica gel column chromatography (chloroform:metha-
nol=100:0-90:10) to give the title compound (22 mg) as a
white powder. MS (ESI) m/z: 986.5 [M+H]*

Example 209
(209-1) tert-butyl 4'-[(6S)-2-(hydroxymethyl)-6-(2-
methoxy-2-oxoethyl)-3,9-dimethyl-6H-thieno[3,2-f]

[1,2,4]triazolo[4,3-a] [1,4]diazepin-4-y1][1,1'-biphe-
nyl]-4-carboxylate (Example compound 209-1)

(@]
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A mixture of methyl [(6S)-4-(4-chlorophenyl)-2-(hy-
droxymethyl)-3,9-dimethyl-6H-thieno[3,2-f] [1,2,4]triazolo
[4,3-a][1,4]diazepin-6-yl]acetate (500 mg) described in WO
2006/129623, (4-t-butoxycarbonylphenyl)boronic acid (386
mg), potassium phosphate (616 mg), tetrahydrofuran (5.0
mL), water (0.52 mL), 2-dicyclohexylphosphino-2'-6'-dime-
thoxybiphenyl aminobiphenyl palladium chloride precata-
lyst (42 mg), S-phos (24 mg) was stirred with heating under
reflux for 3 hr. Water was added to the reaction mixture and
the mixture was extracted with ethyl acetate. The organic
layer was washed with saturated brine, dried over anhydrous
sodium sulfate, filtered, and the filtrate was concentrated
under reduced pressure. The residue was purified by NH
silica gel column chromatography (ethyl acetate:metha-
nol=99:1-90:10) to give the title compound (610 mg) as a

milky white solid.
MS (ESI) m/z: 573.2 [M+H]"

(209-2) methyl {(6S)-2-(hydroxymethyl)-4-[4'-
({(29)-1-[(2S,4R)-4-hydroxy-2-({(18)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl } carbamoyl)
pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-2-
yl}carbamoyl)[1,1'-biphenyl]-4-y1]-3,9-dimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl}acetate (Example Compound 209)

OH

To a solution of Example compound 209-1 (80 mg) in
dichloromethane (2.5 mL) was added trifluoroacetic acid
(1.0 mL) and the mixture was stirred at room temperature for
2 hr. The reaction mixture was concentrated under reduced
pressure and azeotropically distilled with toluene. The
obtained residue was dissolved in N,N-dimethylformamide
(1.5 mL), and N,N-diisopropylethylamine (0.24 mL), Ref-
erence Example compound 5 (86 mg) were added. HATU
(78 mg) was added and the mixture was stirred at room
temperature for 2 hr. To the reaction solution was added
methanol (1.0 mL) and the mixture was purified by prepara-
tive HPLC (10 mM aqueous ammonium carbonate solution-
acetonitrile) to give the title compound (94 mg) as a milky

white powder. MS (ESI) m/z: 943.7 [M+H]*
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Example 210

(210-1) tert-butyl (2S,4R)-4-hydroxy-2-({(18)-1-[4-
(4-methyl-1,3-thiazol-5-yl)phenyl]ethyl } carbamoyl)
pyrrolidine-1-carboxylate (Example Compound

210-1)
& K s
_

To a mixture of Reference Example compound 5-3 (944
mg), (2S,4R)-1-t-butoxycarbonyl-4-hydroxypyrrolidine-2-
carboxylic acid (1.0 g) in N,N-dimethylformamide (22.0
ml) were added N,N-diisopropylethylamine (2.99 mL) and
HATU (1.97 g) and the mixture was stirred at room tem-
perature for 1.5 hr. Water was added to the reaction mixture,
and the mixture was extracted with ethyl acetate. The
organic layer was washed with saturated brine, dried over
anhydrous magnesium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by silica
gel column chromatography (ethyl acetate:methanol=100:0-
90:10) to give the title compound (2.02 g) as a brown crude
oil. MS (ESI) m/z: 432.3 [M+H]*
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(210-2) (2S,4R)-4-hydroxy-N-{(1S)-1-[4-(4-methyl-
1,3-thiazol-5-yl)phenyl]ethyl }pyrrolidine-2-carbox-
amide hydrochloride (Example Compound 210-2)

Tz

To a mixed solution of Example compound 210-1 (2.02 g)
in dichloromethane (4.0 mL), methanol (6.0 mL) was added
4 M hydrogen chloride/dioxane solution (4.3 mlL) and the
mixture was stirred at room temperature for 6 hr. The
reaction mixture was concentrated under reduced pressure
and azeotropically distilled with toluene. To the residue was
added hexane and the mixture was concentrated under
reduced pressure. The obtained solid was suspension
washed with diethyl ether to give the title compound (1.33
g) as a pale-brown powder.

MS (ESI) m/z: 332.4 [M+H]*

(210-3) methyl {(68)-4-[4'-({(2S9)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-yl]-3-methyl-
1-oxobutan-2-yl}carbamoyl)[ 1,1'-biphenyl]-4-y1]-2,

3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a]
[1,4]diazepin-6-y1}acetate (Example Compound
210)

OH
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To a mixture of Example compound 210-2 (100 mg),
N-(t-butoxycarbonyl)-L-valine (71 mg), N,N-dimethylfor-
mamide (2.5 mL) were added N,N-diisopropylethylamine
(0.19 mL) and HATU (155 mg) and the mixture was stirred
at room temperature for 1 hr. Water was added to the reaction
mixture, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried
over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The obtained residue was dissolved
in dichloromethane (4.0 mL), trifluoroacetic acid (2.0 mL)
was added and the mixture was stirred at room temperature
for 2 hr. The reaction mixture was concentrated under
reduced pressure and azeotropically distilled with toluene.
The residue was dissolved in N,N-dimethylformamide (2.0
mL), and N,N-diisopropylethylamine (0.38 mL), Example
compound 90-1 (163 mg), HATU (207 mg) were added and
the mixture was stirred at room temperature for 4 hr. To the
reaction solution was added methanol (2.0 mL) and the
mixture was purified by preparative HPL.C (10 mM aqueous
ammonium carbonate solution-acetonitrile) to give the title
compound (150 mg) as a pale-yellow powder.

MS (ESI) m/z: 913.4 [M+H]*
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under reduced pressure. The obtained residue was dissolved
in dichloromethane (4.0 mL), trifluoroacetic acid (2.0 mL)
was added and the mixture was stirred at room temperature
for 2 hr. The reaction mixture was concentrated under
reduced pressure and azeotropically distilled with toluene.
The residue was dissolved in N,N-dimethylformamide (2.0
mL), and N,N-diisopropylethylamine (0.38 mL), Example
compound 90-1 (163 mg), HATU (207 mg) were added and
the mixture was stirred at room temperature for 4 hr. To the
reaction solution was added methanol (2.0 mL) and the
mixture was purified by preparative HPL.C (10 mM aqueous
ammonium carbonate solution-acetonitrile) to give the title
compound (88 mg) as a pale-yellow powder.
MS (ESI) m/z: 947.4 [M+H]"

Example 212
(212-1) tert-butyl (28)-2-(5-bromo-1-0x0-1,3-di-

hydro-2H-isoindol-2-y1)-3-methylbutanoate (Ex-
ample Compound 212-1)

o
N \K
0

Example 211 30
(211-1) methyl {(6S)-4-[4'-({(1S)-2-[(2S,4R)-4- Br
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-yl]-2-oxo0-1- To a solution of 4-bromo-2-bromomethylbenzoic acid
phenylethyl}carbamoyl)[1,1'-biphenyl]-4-y1]-2,3,9- 35 (1.00 g) in toluene (10.0 mL) were added t-butyl L-valinate
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4] (1.02 g) and N,N-diisopropylethylamine (1.1 mL), and the
diazepin-6-yl }acetate (Example Compound 211) mixture was stirred with heating under reflux for 17 hr.
QH
(€]
N
N
H
(6]
== o) gj\O\(LN
S /i
= S /
YN \N
| 0
N
O_
To a mixture of Example compound 210-2 (100 mg), Water was added to the reaction mixture, and the mixture
N-(t-butoxycarbonyl)-L-2-phenylglycine (82 mg), acetoni- ¢, was extracted with ethyl acetate. The organic layer was

trile (5.0 mL) were added N,N-diisopropylethylamine (0.19
mL), HATU (155 mg), and the mixture was stirred at room
temperature for 1 hr. Water was added to the reaction
mixture, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried
over anhydrous sodium sulfate, filtered and concentrated

65

washed with saturated brine, dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure.
The obtained solid was suspension washed with diisopropyl
ether to give the title compound (828 mg) as a milky white
powder.

MS (ESI) m/z: 368.3, 370.3 [M+H}
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(212-2) tert-butyl (28)-2-(5-{4-[(6S)-6-(2-methoxy-
2-oxoethyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a] [1,4]diazepin-4-yl]phenyl}-1-0xo0-1,
3-dihydro-2H-isoindol-2-y1)-3-methylbutanoate
(Example Compound 212-2)

Seans

-

To a solution of Example compound 212-1 (117 mg) in
tetrahydrofuran (3.0 mL) were added Reference Example
compound 3 (193 mg), tetrakis(triphenylphosphine)palla-
dium(0) (37 mg), potassium phosphate (203 mg) and water
(0.70 mL) and the mixture was stirred with heating under
reflux for 2 hr. Furthermore, tetrakis(triphenylphosphine)
palladium(0) (37 mg) was added and the mixture was stirred
with heating under reflux for 2 hr. Water was added to the
reaction mixture, and the mixture was extracted with ethyl
acetate. The organic layer was washed with saturated brine,
dried over anhydrous sodium sulfate, filtered and concen-
trated under reduced pressure. The residue was purified by
NH silica gel column chromatography (hexane:ethyl
acetate=50:50-0:100) and further purified by silica gel col-
umn chromatography (ethyl acetate:methanol=99:1-90:10)
to give the title compound (125 mg) as a white solid.

MS (ESI) m/z: 668.3 [M+H]*

(212-3) methyl {(6S)-4-[4-(2-{(2S)-1-[(2S,4R)-4-
hydroxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}carbamoyl)pyrrolidin-1-yl]-3-methyl-
1-oxobutan-2-yl}-1-0x0-2,3-dihydro-1H-isoindol-5-
yl)phenyl]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2,4]
triazolo[4,3-a][ 1,4]diazepin-6-yl}acetate (Example
Compound 212)
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To a solution of Example compound 212-2 (60 mg) in
dichloromethane (1.5 mL) was added trifluoroacetic acid
(0.60 mL) and the mixture was stirred at room temperature
for 2 hr. The reaction mixture was concentrated under
reduced pressure and azeotropically distilled with toluene.
The residue was dissolved in N,N-dimethylformamide (1.0
mL), and N,N-diisopropylethylamine (0.15 mL), Example
compound 210-2 (48 mg), HATU (50 mg) were added and
the mixture was stirred at room temperature for 2.5 hr. To the
reaction solution was added methanol (1.0 mL) and the
mixture was purified by preparative HPL.C (10 mM aqueous
ammonium carbonate solution-acetonitrile) to give the title
compound (70 mg) as a milky white solid.

MS (ESI) m/z: 925.4 [M+H]*

Example 213

(213-1) [(6S)-4-(4-chlorophenyl)-3,6,9-trimethyl-
6H-thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepin-
2-ylmethyl acetate (Example Compound 213-1)

Cl

To a mixture of Reference Example compound 12 (1.00
g), manganese(Ill) acetate dihydrate (1.88 g), acetic acid
(9.6 mL) and acetic anhydride (5.3 mL) was added concen-
trated sulfuric acid (1.50 mL) and the mixture was stirred at
room temperature for 1 day. The reaction mixture was added
to ice water and the mixture was extracted with ethyl acetate.
The organic layer was washed with 1N aqueous sodium
hydroxide solution, dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The resi-




US 11,542,273 B2

485

due was purified by silica gel column chromatography (ethyl
acetate:methanol=100:0-90:10) to give the title compound
(802 mg) as a white powder.

MS (ESI) m/z: 415.2, 417.2 [M+H]*

(213-2) (6S)-4-(4-chlorophenyl)-3,6,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepine-2-
carbaldehyde (Example Compound 213-2)

To a solution of Example compound 213-1 (500 mg) in
methanol (5.0 mL) was added 1N aqueous sodium hydrox-
ide solution (5.0 mL) and the mixture was stirred at room
temperature for 2 hr. To the reaction mixture was added
saturated aqueous ammonium chloride solution and the
mixture was extracted with chloroform and the extract was
concentrated under reduced pressure. The obtained residue
was dissolved in dichloromethane (12.0 mL), manganese
dioxide (1.05 g) was added and the mixture was stirred at
room temperature for 1 day. Furthermore, manganese diox-
ide (1.05 g) was added and the mixture was stirred at room
temperature for 3 hr. The reaction mixture was filtered
through diatomaceous earth and the filtrate was concentrated
under reduced pressure to give the title compound (394 mg)
as a yellow powder.

MS (ESI) m/z: 371.2, 373.2 [M+H]*
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(213-3) (6S)-4-(4-chlorophenyl)-3,6,9-trimethyl-6H-
thieno[3,2-1] [1,2,4]triazolo[4,3-a][1,4]diazepine-2-
carbonitrile (Example Compound 213-3)

N

AN

N

To a solution of Example compound 213-2 (394 mg) in
dimethyl sulfoxide (5.3 mL) was added hydroxyamine
hydrochloride (111 mg), and the mixture was stirred with
heating at 90° C. for 5 hr. The reaction mixture was added
to water and the resulting precipitate was collected by
filtration and washed with water to give the title compound
(160 mg) as a pale-yellow powder. MS (ESI) m/z: 368.2,
370.2 [M+H]*

(213-4) (2S,4R)-1-[(2S)-2-({4'-[(6S)-2-cyano-3,6,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-y1][1,1'-biphenyl]-4-carbonyl}amino)-3,
3-dimethylbutanoyl]-4-hydroxy-N-{(1S)-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide (Example Compound 213)

65

By reaction and treatment in the same manner as in
Example 209 (209-1)-(209-2) and using Example compound
213-2 instead of methyl [(6S)-4-(4-chlorophenyl)-2-(hy-
droxymethyl)-3,9-dimethyl-6H-thieno[3,2-f][ 1,2,4]triazolo
[4,3-a] [1,4]diazepin-6-yl|acetate, the title compound was
obtained as a white powder. MS (ESI) m/z: 880.4 [M+H]*
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Example 214

(214-1) tert-butyl {(2S)-1-[(2S,4R)-2-{[(4-chloro-

phenyl)methyl]carbamoyl}-4-hydroxypyrrolidin-1-

yl]-3,3-dimethyl-1-oxobutan-2-yl }carbamate (Ex-
ample Compound 214-1)

OH

L0

(28,4R)—N-[(4-chlorophenyl)methyl]-4-hydroxypyrroli-
dine-2-carboxamide hydrochloride (190 mg) described in
WO 2015/000867 was added to a mixed solution of (2S)-
2-(t-butoxycarbonylamino)-3,3-dimethyl-butanoic acid
(196 mg), N,N-diisopropylethylamine (0.88 ml.), HATU
(322 mg) in N,N-dimethylformamide (8.0 mL), which was
prepared separately, and the mixture was stirred at room
temperature for 1.5 hr. Water was added to the reaction
mixture and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried
over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by pre-
parative HPLC (10 mM aqueous ammonium carbonate
solution-acetonitrile) to give the title compound (200 mg) as
a white solid. MS (ESI) m/z: 468.5 [M+H]*

(214-2) methyl {(6S)-4-[4"-({(2S)-1-[(2S,4R)-2-
{[(4-chlorophenyl)methyl]carbamoyl}-4-hydroxy-
pyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2-
yl}carbamoyl)[1,1'-biphenyl]-4-y1]-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][ 1,4]diazepin-
6-yl}acetate (Example Compound 214)
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To a solution of Example compound 214-1 (45 mg) in
dichloromethane (1.4 ml) was added trifluoroacetic acid
(0.60 mL) and the mixture was stirred at room temperature
for 2 hr. The reaction mixture was concentrated under
reduced pressure and azeotropically distilled with toluene.
The residue was dissolved in N,N-dimethylformamide (1.5
mL), and N,N-diisopropylethylamine (0.13 mL), Example
compound 90-1 (63 mg), HATU (73 mg) were added and the
mixture was stirred at room temperature for 3 hr. To the
reaction solution was added methanol (1.0 mL) and the
mixture was purified by preparative HPL.C (10 mM aqueous
ammonium carbonate solution-acetonitrile) to give the title
compound (49 mg) as a white powder.

MS (ESI) m/z: 850.6, 852.6 [M+H]*

Example 215

(215-1) (2S,4R)-1-[(2S)-2-amino-3,3-dimethylbu-
tanoyl]-4-hydroxy-N-{(1R)-2-hydroxy-1-[4-(4-
methyl-1,3-thiazol-5-yl)phenyl]ethyl}pyrrolidine-2-
carboxamide hydrochloride (Example Compound
215-1)

LN

=z

"

HCl

To a solution of tert-butyl {(2S)-1-[(2S,4R)-4-hydroxy-
2-({(1R)-2-hydroxy-1-[4-(4-methyl-1,3-thiazol-5-y1)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamate (235 mg) described in WO 2017/
030814 in 1,4-dioxane (2.3 mL.) was added 4 M hydrogen
chloride/dioxane solution (2.3 mL), and the mixture was
stirred at room temperature overnight. The reaction mixture
was concentrated under reduced pressure and azeotropically
distilled with toluene to give the title compound (209 mg) as
a pale-yellow solid. MS (ESI) m/z: 461.5 [M+H]"
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(215-2) methyl {(6S)-4-[4"-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1R)-2-hydroxy-1-[4-(4-methyl-1,3-
thiazol-5-yl)phenyl]ethyl }carbamoyl)pyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-yl } carbamoyl)[ 1,1'-
biphenyl]-4-y1]-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,2, 5
4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate (Example
Compound 215)

To a solution of Example compound 215-1 (35 mg) in
N,N-dimethylformamide (1.5 mL) were added N,N-diiso-
propylethylamine (0.061 mL), Example compound 90-1 (53
mg) and HATU (54 mg) and the mixture was stirred at room
temperature for 2 hr. To the reaction solution was added
methanol (1.0 mL) and the mixture was purified by prepara-
tive HPLC (10 mM aqueous ammonium carbonate solution-
acetonitrile) to give the title compound (27 mg) as a milky
white powder. MS (ESI) m/z: 943.8 [M+H]*

30

35

Example 216

(216-1) ethyl 2-[4-(4-bromophenyl)-1H-pyrazol-1- 0
y1]-3-methylbutanoate (Example Compound 216-1)
45
(6]
N 2
= (6]
\
N
A
50

Br

To a solution of 4-(4-bromophenyl)-1H-pyrazole (1.00 g) 55
in acetonitrile (25.0 mL) were added ethyl 2-bromo-3-
methylbutanoate (1.41 g) and cesium carbonate (2.92 g), and
the mixture was stirred with heating at 80° C. for 16 hr.
Insoluble material was filtered off from the reaction mixture
and the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (hexane:ethyl acetate=90:10-75:25) to give the title
compound (1.60 g) as a pale-yellow oil. MS (ESI) m/z: %
351.2, 353.2 [M+H]*

490
OH
7

(216-2) ((2S,4R)-1-{2-[4-(4-bromophenyl)-1H-pyra-
z0l1-1-yl]-3-methylbutanoyl }-4-hydroxy-N-{(1S)-1-
[4-(4-methyl-1,3-thiazol-5-y1l)phenyl]
ethyl}pyrrolidine-2-carboxamide (Example
Compound 216-2), and (2S,4R)-1-{2-[4-(4-brom-
ophenyl)-1H-pyrazol-1-yl]-3-methylbutanoyl}-4-
hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}pyrrolidine-2-carboxamide (Example
Compound 216-3)

216-2

Br

(@] L@YA
O N
H
=
N
/

S

Br

To a solution of Example compound 216-1 (300 mg) in
tetrahydrofuran (2.0 mL), methanol (2.0 mL) was added 4N
aqueous sodium hydroxide solution (1.0 mL), and the mix-
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ture was stirred at room temperature for 2 hr. The reaction
mixture was acidified with 0.5N hydrochloric acid and
extracted with chloroform. The organic layer was washed
with saturated brine, dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The
obtained residue was dissolved in N,N-dimethylformamide
(3.0 mL), and N,N-diisopropylethylamine (0.49 mlL),
Example compound 210-2 (284 mg) were added. HATU
(432 mg) was added and the mixture was stirred at room
temperature for 13 hr. Water was added to the reaction
mixture and the mixture was extracted with ethyl acetate.
The organic layer was washed successively with water and
saturated brine, dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The residue was
azeotropically distilled with toluene and purified by silica
gel column chromatography (chloroform:methanol=99:1-
93:7) to give Example compound 216-2 (235 mg, white
powder; single compound but isopropyl group moiety is
sterically unknown) MS (ESI) m/z: 636.1, 638.1 [M+H]",
and Example compound 216-3 (200 mg, colorless oil; single
compound but isopropyl group moiety is sterically
unknown) MS (ESI) m/z: 636.1, 638.1 [M+H]".

(216-3) methyl {(6S)-4-[4'-(1-{1-[(2S,4R)-4-hy-
droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3-methyl-1-
oxobutan-2-y1}-1H-pyrazol-4-y1)[ 1,1-biphenyl]-4-
y1]-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[ 4,
3-a][1,4]diazepin-6-yl }acetate (Example Compound
216)

A mixture of Example compound 216-2 (95 mg), Refer-
ence Example compound 3 (123 mg), 1,1'-bis(diphenylphos-
phino)ferrocene-palladium(Il) dichloride dichloromethane
complex (22 mg), potassium carbonate (74 mg), tetrahydro-
furan (3.0 mL) and water (0.25 ml) was stirred with heating
under reflux for 4 hr. Reference Example compound 3 (82
mg), 1,1'-bis(diphenylphosphino)ferrocene-palladium(II)
dichloride dichloromethane complex (22 mg) were further
added and the mixture was stirred with heating under reflux
for 3 hr. Water was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The organic layer
was washed with saturated brine, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column
chromatography (chloroform:methanol=95:5-89:11) and
further purified by preparative HPLC (10 mM aqueous
ammonium carbonate solution-acetonitrile) to give the title
compound (65 mg; single compound but isopropyl group
moiety is sterically unknown) as a white powder. MS (ESI)
m/z: 936.7 [M+H]*
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Example 217

(217-1) methyl {(68)-4-[4'-(1-{1-[(2S,4R)-4-hy-
droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3-methyl-1-
oxobutan-2-y1}-1H-pyrazol-4-y1)[ 1,1-biphenyl]-4-
y1]-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[ 4,
3-a][1,4]diazepin-6-yl }acetate (Example Compound
217)

By reaction and treatment in the same manner as in
Example 216 and using Example compound 216-3 instead

of Example compound 216-2, the title compound (single 35

compound but isopropyl group moiety is sterically
unknown) was obtained as a white powder. MS (ESI) nmv/z:
936.7 [M+H]*

Example 218

(218-1) methyl {(6S)-4-[4"-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({[4-(4-methyl-1,3-0xazol-5-yl)phenyl]
methyl}carbamoyl) pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl) [1,1'-biphenyl]-4-y1]-2,3,
9-trimethyl-6H-thieno [3,2-f][1,2,4] triazolo [4,3-a]
[1,4] diazepin-6-yl}acetate (Example Compound
218)

494

To a solution of (2S,4R)-1-[(2S)-2-amino-3,3-dimeth-
ylbutanoyl]-4-hydroxy-N-{[4-(4-methyl-1,3-0xazol-5-y])
phenyl]methyl}pyrrolidine-2-carboxamide  hydrochloride
(250 mg) described in WO 2016/118666 in tetrahydrofuran
(0.8 mL) were added 4 M hydrogen chloride/methanol
solution (0.8 mL) and methanol (0.4 mL), and the mixture
was stirred at room temperature for 2 hr. The reaction
mixture was concentrated under reduced pressure, and the

LOH

=z

NS

residue was dissolved in methanol, diluted with tetrahydro-
furan and ethyl acetate and concentrated under reduced
pressure again to give a deprotected form (220 mg). The
deprotected form (70 mg) was dissolved in N,N-dimethyl-
formamide (1.5 mL), and N,N-diisopropylethylamine (0.095

o mL), Example compound 90-1 (82 mg), HATU (78 mg)

were added and the mixture was stirred at room temperature
for 2.5 hr. To the reaction solution was added methanol (1.0
ml) and the mixture was purified by preparative HPLC (10

45 mM aqueous ammonium carbonate solution-acetonitrile) to

give the title compound (54 mg) as milky white powder. MS
(ESD) m/z: 897.7 [M+H]*

OH

== /Oag/\Q\%\N
Q0 ;
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Example 219 (163 mg) were added, and the mixture was stirred at room

(219-1) ethyl 5-(4-{[(tert-butoxycarbonyl)amino] temperature for 2 hr. To the reaction mixture was added

methyl}phenyl)-1,3-thiazole-4-carboxylate (Bx- saturated aqueous sodium hydrogen carbonate, and the

ample Compound 219-1) > mixture was extracted with ethyl acetate. The organic layer

was washed with saturated brine, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced

1o pressure. The obtained residue was dissolved in dichlo-

o] © 0 romethane (3.0 mL), trifluoroacetic acid (1.5 mL) solution
9\ )\\N/\Q\I was added and the mixture was stirred at room temperature
o H 7 N for 2 hr. The reaction mixture was concentrated under

\ J 15

reduced pressure and azeotropically distilled with toluene.

The obtained residue was dissolved in N,N-dimethylforma-
By reaction and treatment of t-butyl N-[(4-bromophenyl)

methyl] carbamate and ethyl 1,3-thiazole-4-carboxylate in mide (2.0 mL), and N.N-diisopropylethylamine (0.82 mL),

the same manner as in obtaining Compound 17b described ,, (2S)-2-(t-butoxycarbonylamino)-3,3-dimethyl-butanoic

in Chem. Eur. J. 2011, 17, 14450, the title compound was . .
obtained as a brown oil. MS (ESI) m/z: 363.3 [K/HH]* acid (147 mg), HATU (241 mg) were added, and the reaction

mixture was stirred at room temperature for 15 hr. Water was

(219-2) ethyl 5-[4-({[(2S,4R)-1-{(28)-2-[(tert-bu-
toxycarbonyl)amino]-3,3-dimethylbutanoyl}-4-hy-
droxypyrrolidine-2-carbonyl]amino }methyl)phenyl]- with ethyl acetate. The organic layer was washed with

1,3-thiazole-4-carboxylate (Example Compound . . .
219-2) saturated brine, dried over anhydrous sodium sulfate, filtered

added to the reaction mixture, and the mixture was extracted

[
[

and concentrated under reduced pressure. The residue was
30 purified by silica gel column chromatography (chloroform:
o methanol=99:1-95:5) to give the title compound (195 mg) as

0 \ ﬁ a pale-yellow oil. MS (ESI) m/z: 589.5 [M+H]*
ﬂ\ )I\ N
O

(219-3) ethyl 5-{4-[({(2S,4R)-4-hydroxy-1-[(2S)-2-
© d N s ({4'-[(6S)-6-(2-methoxy-2-oxoethy1)-2,3,9-trim-
J ethyl-6H-thieno[3,2-f] [1,2,4]triazolo[4,3-a][1,4]
S diazepin-4-y1][1,1'-biphenyl]-4-carbonyl}amino)-3,
40 3-dimethylbutanoyl]pyrrolidine-2-carbonyl }amino)
To a solution of Example compound 219-1 (125 mg) in methyl]phenyl}-1,3-thiazole-4-carboxylate
dichloromethane (2.5 ml) was added trifluoroacetic acid (Example Compound 219)

OH

° | h

=ei4
o
Tz,
A\
Z

7
SN
O_
(1.0 mL) and the mixture was stirred at room temperature for To a solution of Example compound 219-2 (60 mg) in
2 hr. The reaction mixture was concentrated under reduced dichloromethane (2.5 mL) was added trifluoroacetic acid
pressure and azeotropically distilled with toluene. The (1.0 mL) and the mixture was stirred at room temperature for

obtained residue was dissolved in N,N-dimethylformamide 65 2 hr. The reaction mixture was concentrated under reduced
(2.0 mL), and N,N-diisopropylethylamine (0.55 mL), (28, pressure and azeotropically distilled with toluene. The resi-
4R)-1-(t-butoxycarbonyl)-4-hydroxyproline 99 mg), HATU due was dissolved in N,N-dimethylformamide (1.5 mL), and
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N,N-diisopropylethylamine (0.26 mL.), Example compound
90-1 (55 mg), HATU (57 mg) were added and the mixture
was stirred at room temperature for 2 hr. To the reaction
solution was added methanol (1.0 mL) and the mixture was
purified by preparative HPLC (10 mM aqueous ammonium
carbonate solution-acetonitrile) to give the title compound

(60 mg) as a white powder.
MS (ESI) m/z: 971.7 [M+H]*

Example 220

(220-1) tert-butyl ({4-[4-(hydroxymethyl)-1,3-thi-
azol-5-yl]phenyl}methyl)carbamate (Example Com-
pound 220-1)

RO
1

To a solution of Example compound 219-1 (180 mg) in
tetrahydrofuran (4.0 mL) were added a solution (2 M) (2.1
mL) of lithium borohydride in tetrahydrofuran and methanol
(1.0 mL) under ice-cooling and the mixture was stirred for
3.5 hr while allowing the mixture to warm to room tem-
perature. To the reaction mixture were added saturated
aqueous ammonium chloride solution and saturated brine
and the mixture was extracted with chloroform. The organic
layer was washed with saturated brine, dried over sodium
sulfate, filtered and concentrated under reduced pressure to
give the title compound (160 mg) as a brown powder. MS
(ESD) nvz: 321.3 [M+H]*

(220-2) (2S,4R)-1-[(2S)-2-amino-3,3-dimethylbu-
tanoyl]-4-hydroxy-N-({4-[4-(hydroxymethyl)-1,3-
thiazol-5-yl]phenyl} methyl)pyrrolidine-2-carboxam-
ide (Example Compound 220-2)
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To a solution of Example compound 220-1 (160 mg) in
dichloromethane (3.5 mL) was added trifluoroacetic acid
(1.5 mL) and the mixture was stirred at room temperature for
2 hr. The reaction mixture was concentrated under reduced
pressure and azeotropically distilled with toluene. The
obtained residue was dissolved in N,N-dimethylformamide
(2.5 mL), and N,N-diisopropylethylamine (1.2 mL), (2S,
4R)-1-(t-butoxycarbonyl)-4-hydroxyproline 149  mg),
HATU (245 mg) were added, and the mixture was stirred at
room temperature for 3 hr. To the reaction mixture was
added saturated aqueous sodium hydrogen carbonate and the
mixture was extracted with ethyl acetate. The organic layer
was washed with saturated brine, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced
pressure. The obtained residue was dissolved in dichlo-
romethane (4.0 mL), trifluoroacetic acid (2.0 mL) solution
was added and the mixture was stirred at room temperature
for 4 hr. The reaction mixture was concentrated under
reduced pressure and azeotropically distilled with toluene.
The obtained residue was dissolved in N,N-dimethylforma-
mide (2.5 mL), and N,N-diisopropylethylamine (0.80 mL),
(25)-2-(t-butoxycarbonylamino)-3,3-dimethyl-butanoic acid
(159 mg), HATU (349 mg) were added, and the reaction
mixture was stirred at room temperature for 3 hr. Further-
more, N,N-diisopropylethylamine (0.80 mL), (2S5)-2-(t-bu-
toxycarbonylamino)-3,3-dimethyl-butanoic acid (159 mg),
HATU (262 mg) were added, and the reaction mixture was
stirred at room temperature for 16 hr. To the reaction mixture
were added water and saturated aqueous sodium hydrogen
carbonate, and the mixture was extracted with ethyl acetate.
The organic layer was washed with saturated brine, dried
over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by silica
gel column chromatography (chloroform:methanol=99:1-
99:10). The obtained compound was dissolved in dichlo-
romethane (2.0 mL), trifluoroacetic acid (2.0 mL) solution
was added and the mixture was stirred at room temperature
for 2 hr. The reaction mixture was concentrated under
reduced pressure and azeotropically distilled with toluene.
The residue was purified by preparative HPLC (10 mM
aqueous ammonium carbonate solution-acetonitrile) to give
the title compound (25 mg) as a pale-yellow oil.

MS (ESI) m/z: 447.3 [M+H]*

(220-3) methyl [(6S)-4-(4"-{[(2S)-1-{(2S,4R)-4-
hydroxy-2-[({4-[4-(hydroxymethyl)-1,3-thiazol-5-yl]
phenyl}methyl)carbamoyl]pyrrolidin-1-y1}-3,3-dim-
ethyl-1-oxobutan-2-yl]carbamoyl}[1,1'-biphenyl]-4-
y1)-2,3,9-trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,
3-a][1,4]diazepin-6-yl]acetate (Example Compound
220)

OH
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To a solution of Example compound 220-2 (20 mg) in
N,N-dimethylformamide (1.0 mL) were added N,N-diiso-
propylethylamine (0.027 mL), Example compound 90-1 (29
mg) and HATU (26 mg) and the mixture was stirred at room
temperature for 15 hr. To the reaction solution was added
methanol (1.0 mL) and the mixture was purified by prepara-
tive HPLC (10 mM aqueous ammonium carbonate solution-
acetonitrile) to give the title compound (12 mg) as a white
viscous compound. MS (ESI) m/z: 929.7 [M+H]*

Example 221
(221-1) methyl [(6S)-4-(4-hydroxyphenyl)-2-3,9-

trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate (Example Compound 221-1)
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Methyl (S)-{4-(4-aminophenyl)-2,3,9-trimethy1-6H-
thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl}acetate
(1.58 g) was dissolved in 35% sulfuric acid (4 mi) and the
mixture was cooled to —5° C. To the reaction mixture was
added sodium nitrite (352 mg) aqueous solution (4 ml[.) and
the mixture was stirred at 0° C. for 30 min. A small amount
of urea was added and the mixture was further stirred at 0°
C. for 30 min. To the reaction mixture were added copper(1l)
nitrate 3 hydrate (15 g) aqueous solution (140 mL), copper
(D) oxide (520 mg) and the mixture was stirred at 10° C. for
1 hr. The mixture was extracted with chloroform-methanol,
and the organic layer was washed with saturated brine and
concentrated under reduced pressure. The residue was puri-
fied by silica gel column chromatography and recrystallized
from hexane-ethyl acetate to give the title compound (379
mg) as a white solid.
MS (ESI) m/z: 397.4 [M+H]*

(221-2) methyl [(6S)-4-(4-{3-[2-({(29)-1-[(2S,4R)-
4-hydroxy-2-({[4-(4-methyl-1,3-thiazol-5-y1)phenyl]
methyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethoxy|
propoxy }phenyl)-2,3,9-trimethyl-6H-thieno[3,2-f][1,
2.4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate
(Example Compound 221)

Z

_J

By reaction and treatment in the same manner as in
Example 208 (208-3)-(208-5) and using Example compound
221-1 instead of Example compound 208-2, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 925.5
[M+H]*

Example 222

(222-1) (28,4R)-1-{(28)-3,3-dimethyl-2-[2-(3-{4-
[(65)-2,3,6,9-tetramethyl-6H-thieno[3,2-f][1,2,4]
triazolo[4,3-a] [1,4]diazepin-4-yl|phenoxy }propoxy)
acetamido]butanoyl}-4-hydroxy-N-{[4-(4-methyl-1,
3-thiazol-5-yl)phenyl]methyl}pyrrolidine-2-
carboxamide (Example Compound 222)

:\OH
0
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By reaction and treatment in the same manner as in
Example 208 (208-3)-(208-5) and using Example compound
116-1 instead of Example compound 208-2, the title com-
pound was obtained as a white solid. MS (ESI) m/z: 867.4
[M+H]*

Example 223

(223-1) (2S,4R)-1-[(2S)-2-{[cis-2-(4-bromophenyl)

cyclopropane-1-carbonyl]amino }-3,3-dimethylbu-

tanoyl]-4-hydroxy-N-{(18)-1-[4-(4-methyl-1,3-thi-

azol-5-yl)phenyl]ethyl}pyrrolidine-2-carboxamide
(Example Compound 223-1)

Ethyl
(150 mg) was dissolved in tetrahydrofuran (5.6 mL), and

cis-2-(4-bromophenyl)cyclopropanecarboxylate

ethanol (2.8 mL), 1N aqueous sodium hydroxide solution
(2.8 mL) were added and the mixture was stirred at room
temperature for 15 hr. To the reaction mixture were added
1N hydrochloric acid, chloroform under ice-cooling, and the
mixture was stirred. The organic layer was extracted and the
aqueous layer was extracted twice with chloroform. The
organic layers were collected, washed with saturated brine
and dried over anhydrous sodium sulfate. The solvent was
evaporated under reduced pressure. The residue was dried
under reduced pressure, dissolved in N,N-dimethylforma-
mide (5.6 mL) and N,N-diisopropylethylamine (0.29 mL),
Reference Example compound 5 (322 mg), HATU (318 mg)
were added under ice-cooling and the mixture was stirred at
room temperature for 15 hr. To the reaction mixture were
added ice water, ethyl acetate and the mixture was stirred.
Water, saturated brine and ethyl acetate were added and the
organic layer was extracted. The aqueous layer was
extracted with ethyl acetate, and the organic layers were
collected and washed twice with saturated brine:water=1:1,
and washed with saturated brine. After drying over anhy-
drous sodium sulfate, the solvent was evaporated under
reduced pressure, and the residue was purified by silica gel
column chromatography (chloroform:methanol=100:0-96:
4) and then purified by silica gel column chromatography
(ethyl acetate:methanol=100:0-90:10) to give the title com-
pound (86 mg) as a white solid.

MS (ESI) m/z: 665.4 [M-H]~
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(223-2) methyl [(6S)-4-{4'-[cis-2-({(2S)-1-[(2S,4R)-
4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)

phenyl]ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dim-
ethyl-1-oxobutan-2-yl}carbamoyl)cyclopropyl][1,1'-
biphenyl]-4-y1}-2,3,9-trimethyl-6H-thieno[3,2-f][ 1,

2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate
(Example Compound 223)

Example compound 223-1 (85 mg) was dissolved in
tetrahydrofuran (2.4 mL), and water (0.0083 mL), palladium
acetate (3.1 mg), S-phos (12 mg), potassium fluoride (24
mg) and Reference Example compound 2 (14 mg) were
added and the mixture was stirred at 75° C. for 5 hr.
Furthermore, water (0.0083 mlL), palladium acetate (3.1
mg), S-phos (12 mg), potassium fluoride (24 mg), Reference
Example compound 2 (40 mg), tetrahydrofuran (2.4 mlL)
were added and the mixture was stirred at 75° C. for 6 hr.
The insoluble material in the reaction mixture was filtered
off through diatomaceous earth. Chloroform and water were
added and the organic layer was extracted, washed with
saturated brine, and dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure. The
residue was purified by NH silica gel column chromatog-
raphy (ethyl acetate:methanol=100:0-85:15) and silica gel
column chromatography (ethyl acetate:methanol=100:0-85:
15) to give the title compound (17.7 mg) as a yellow solid.
MS (ESI) m/z: 967.5 [M+H]*

Example 224

(224-1) methyl [(6S)-4-{4'-[trans-2-({(2S)-1-[(2S,
4R)-4-hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-
5-yDphenyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-
dimethyl-1-oxobutan-2-yl}carbamoyl)cyclopropyl]
[1,1'-biphenyl]-4-y1}-2.3,9-trimethyl-6H-thieno[ 3,2-
f][1,2,4]triazolo[4,3-a] [1,4]diazepin-6-yl]acetate
(Example Compound 224)
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By reaction and treatment in the same manner as in TABLE 1-continued
Example 223 (223-1)-(223-2) and using ethyl trans-2-(4-
bromophenyl)cyclopropanecarboxylate instead of ethyl cis- Example LNCaP cytotoxic
2-(4-bromophenyl)cyclopropanecarboxylate, the title com- compound activity: ICs,
pound was obtained as a yellow solid. MS (ESI) m/z: 967.5 3 No. (amol/L.)
[M+H]* 39 0.071
45 0.32
Experimental Example 1 47 0.42
49 0.12
Cytotoxic Action on Cancer Cells 10 50 0.25
The cytotoxic action of the compound of the present 33 0.20
invention against human cancer cells was evaluated in vitro. 2? gﬁ
In this experiment, (+)-JQ1 (Nature volume 468, pages 62 0.6
1067-1073 (23 Dec. 2010)) known to have an inhibitory 63 0.037
activity on the binding of BRD4 protein and a ligand 13 67 047
therefor was used as a positive control drug. Respective cells 68 0.52
were suspended in 10% FBS/RPMI1640, seeded in a 96 well 69 0.33
plate and cultured at 5% CO,, 37° C. overnight. A test 75 0.39
compound dissolved in DMSO was diluted with 10% FBS/ o1 0.54
RPMI1640 and added and the cells were further cultured for 2° 123 2'23
96 hr. After culturing, the viable cell number was measured 101 0.050
using a cell number measurement WST-8 kit (Kishida 106 0.58
Chemical Co., Ltd.). As a control, the measurement was 113 0.096
performed under conditions free of the test compound. The 122 0.40
cytotoxic activity of the compound of the present invention » 138 0.24
against human prostate cancer LNCaP cells is shown in IC, 141 0.38
value in Table 1. The IC,, value is a concentration of the 142 0.30
compound showing 50% cell survival rate when the cell 146 0.44
survival rate thereof under compound untreated condition is 147 0-34
100%. It was calculated from the straight line connecting the 30 1;11 2'228
cell survival rate at two points enclosing the 50% cell 157 0.40
survival rate and the compound concentration. In addition, 161 0.22
the cytotoxic activity against respective cancer cells of 162 0.37
human acute myeloid leukemia MV-4-11 cell, human 164 0.077
chronic myeloid leukemia K562 cell, human multiple = 165 0.26
myeloma MM.1S cell, human diffuse large B-cell lym- 167 0.14
phoma SU-DHL-6 cell, human T-cell leukemia Jurkat cells, 171 0.080
human Burkitt lymphoma Raji cell, human castration-resis- i;i g'ig
tant prostate cancer PC-3 cell, human ovarian cancer A2780 174 057
cell, human bladder cancer 5637 cell, human breast cancer 40 175 030
ZR-75-1 cell, human triple negative breast cancer MDA- 176 0.39
MB-231 cell, human uterine sarcoma MES-SA cell, human 177 036
gastric cancer SNU-16 cell, human non-small cell lung 178 0.68
cancer NCI-H1975 cell, human small cell lung cancer NCI- 179 0.21
H82 cell, human large cell lung cancer NCI-H460 cell, *° 181 0.037
human colorectal cancer HCT116 cell, human glioma U-87 183 L5
MG cell, human pancreatic cancer AsPC-1 cell, and human 188 0.042
liver cancer Hep G2 cell is shown in IC;, value in Table 2. 153 g'g
The compound of the present invention showed a strong “ 192 0: e
cytotoxic action on the cancer cells. 193 030
194 0.17
TABLE 1 198 0.061
Example LNCaP cytotoxic 199 0.64
compound activity: ICsq 55 200 0.38
No. (nmol/L) 201 0.34
204 0.32
; é-ég 206 0.68
9 o016 207 0.43
15 0.083 209 0.24
16 0.29 60 210 0.29
27 0.064 215 0.31
28 0.044 218 0.37
8 07,
33 026 220 0.92
34 072 65 (+)-1Q1 19000
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TABLE 2

cytotoxic activity: IC<, (nmol/L)

Example Example Example Example

compound compound compound compound
cell line 8 9 142 157
MV-4-11 0.15 0.015 0.041 0.029
K562 5.2 2.2 2.1 1.2
MM.18 0.24 0.14 0.23 0.081
SU-DHL-6 2.1 0.57 0.93 0.39
Jurkat 4.3 1.2 0.36 0.46
Raji 5.7 1.9 0.71 0.59
Po-3 2.5 1.0 0.34 0.41
A2780 0.36 0.16 0.27 0.15
5637 2.1 0.45 0.34 0.33
ZR-75-1 4.2 0.96 0.49 2.0
MDA-MB-231 14 5.7 0.98 1.8
MES-SA 21 2.6 1.6 1.7
SNU-16 17 3.0 0.55 1.2
NCI-H1975 20 3.7 1.8 2.2
NCI-H&2 35 15 5.9 4.5
NCI-H460 75 24 11 23
HCT116 37 4.7 3.9 4.5
U-87 MG 25 9.1 4.0 18
AsPC-1 81 30 5.7 23
Hep G2 48 33 7.4 12

Experimental Example 2

BET Protein Degradation inducing Action in Cancer Cells
The degradation inducing action of the compound of the
present invention on BET proteins (BRD2, BRD3, BRD4) in
cancer cells and accompanying decrease in the ¢-MYC
expression level m were evaluated in vitro using human
prostate cancer LNCaP cells. LNCaP cells were suspended
in 10% FBS/RPMI1640, seeded in a 6 well plate and
cultured at 5% CO,, 37° C. overnight. A test compound
dissolved in DMSO was diluted with 10% FBS/RPMI1640
and added and the cells were further cultured for 6 hr. After
culturing, the cells were lysed in a solubilizing solution (10
mM Tris-HCl, pH 7.4, 0.1% NP-40, 0.1% sodium deoxy-
cholate, 0.1% SDS, 0.15 M NaCl, 1 mM EDTA, 10 ng/mL
aprotinin). The solution was electrophoresed and proteins in
acrylamide gel were transferred to Immobilon PVDF mem-
brane using a semi-dry transfer device. After transfer, the
membrane was blocked and immersed in a primary antibody
(Anti-BRD2 antibody:Abcam, Anti-BRD3 antibody:Ab-
cam, Anti-Brd4 antibody:Abcam, c-MYC Antibody:Cell
Signaling Technology, Anti-p-Actin antibody:Sigma-Al-
drich) solution at 4° C. overnight. After immersing in a
secondary antibody solution for 1 hr, the object protein on
the membrane was detected using ECL Prime Western
Blotting Detection System or ECL Select Western Blotting
Detection System (GE Healthcare). As a result, as shown in
FIG. 1, the compound of the present invention induced
degradation of BET protein in the cancer cells.

Experimental Example 3

BRDA4 Protein Degradation inducing Action in Cancer Cells

The degradation inducing action of the compound of the
present invention on BRD4 protein in cancer cells was
evaluated in vitro using human prostate cancer LNCaP cells.
LNCaP cells were suspended in 10% FBS/RPMI1640,
seeded in a 96 well Cell carrier plate (Perkin Elmer) and
cultured at 5% CO,, 37° C. overnight. A test compound
dissolved in DMSO was diluted with 10% FBS/RPMI1640
and added and the cells were further cultured for 6 hr. After
culturing, the cells were immobilized with 4% para-form-
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aldehyde/PBS and further subjected to a permeation treat-
ment with 0.25% Triton X-100/PBS. Thereafter, the cells
were blocked with 10% BSA/PBS, a solution containing
Anti-Brd4 antibody (Abcam) or Anti-BRD4 (Sigma-Al-
drich) as the primary antibody was added and the cells were
incubated at 4° C. overnight. Thereafter, as the secondary
antibody, a solution containing secondary antibody A shown
below was added to Example compounds 1-190, 223 and
224, and a solution containing secondary antibody B shown
below was added to Example compounds 191-222, and 0.5
ng/ml. Hoechst 33342 (Sigma-Aldrich) and 14 pM Acti-
Stain 555 Fluorescent Phalloidin (Cytoskeleton) were fur-
ther added. After incubation for 1 hr, BRD4 protein amount
was measured by Operetta (Perkin Elmer) as fluorescence
intensity.

Secondary Antibody A

Anti-Rabbit IgG(H+L), F(ab'), Fragment (Alexa Fluor 488

Conjugate) (Cell Signaling Technology), fluorescence

intensity was measured at excitation: 495 nm, emission:

519 nm.

Secondary Antibody B
Goat anti-Rabbit IgG(H+L) Cross-Adserbed Secondary

Antibody (Alexa Fluor 546) (Thermo Fisher Scientific)

fluorescence intensity was measured at excitation: 560

nm, emission: 572 nm.

The BRD4 protein degradation inducing activity of the
compound of the present invention in LNCaP cells is shown
in DC,, value in Table 3. The DC,, value is a concentration
of the compound showing 50% fluorescence intensity when
the fluorescence intensity thereof under compound untreated
condition is 100%. It was calculated from the straight line
connecting the fluorescence intensity at two points enclosing
the 50% fluorescence intensity and the compound concen-
tration. The compound of the present invention induced
degradation of BRD4 protein in the cancer cells at a con-
centration showing a cell proliferation suppressive action.

TABLE 3
BRD4 protein
Example degradation inducing
compound activity: DCs,
No. (nmol/L)
5 0.52
8 0.41
9 0.15
15 0.066
16 0.53
27 0.085
28 0.023
30 0.43
31 0.062
33 0.38
34 0.098
35 0.66
39 0.013
45 0.051
47 0.45
49 0.24
50 0.61
53 0.091
60 0.74
61 0.81
62 0.24
63 0.11
67 0.55
68 0.46
69 0.15
75 0.75
91 0.77
94 0.64
100 0.21
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TABLE 3-continued
BRD4 protein
Example degradation inducing
compound activity: DCsq

No. (nmol/L)
101 0.052
106 0.60
113 0.075
122 0.097
138 0.62
141 0.72
142 0.72
146 0.46
147 0.28
151 0.042
154 0.42
157 0.38
161 0.075
162 0.30
164 0.066
165 0.041
167 0.28
171 0.16
172 0.37
173 0.53
174 0.31
175 0.50
176 0.44
177 0.23
178 0.80
179 0.11
181 0.031
183 0.93
188 0.26
189 0.44
190 0.17
192 0.77
193 0.62
194 0.23
198 0.058
199 0.55
200 0.66
201 0.37
204 0.51
206 0.73
207 0.62
209 0.32
210 0.26
215 0.33
218 0.41
219 0.52
220 0.92

Experimental Example 4

Inhibitory Action on Binding of BRD4 Protein and Ligand
Test Method 1

The inhibitory action of the compound of the present
invention on the binding of BRD4 protein and a ligand
thereof was evaluated by the time-resolved fluorescence
resonance energy transfer (IR-FRET) method using BRD4
bromodomain 1 TR-FRET Assay Kit (Cayman). In this
experiment, (+)-JQ1 known to have an inhibitory activity on
the binding of BRD4 protein and a ligand therefor was used
as a positive control drug. A test compound dissolved in
DMSO was diluted with TR-FRET Assay Buffer, added to a
384 well black plate, BRD4 bromodomain 1 Europium
Chelete was further added and the cells were incubated at
room temperature for 15 min. Thereafter, BRD4 bromodo-
main 1 Ligand/APC Acceptor Mixture was added and the
cells were incubated at room temperature for 1 hr. The
binding amount of the BRD4 protein and ligand was mea-
sured as fluorescence intensity (excitation: 340 nm/emis-
sion: 620 nm and excitation: 340 nm/emission: 670 nm).
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The BRD4 protein inhibitory activity of the compound of
the present invention is shown in ICs, value (concentration
of compound that inhibits 50% of the binding of BRD4
protein and ligand) in Table 4-1. The IC,, value is a
concentration of the compound showing 50% fluorescence
intensity when the fluorescence intensity thereof under com-
pound untreated condition is 100%. It was calculated from
the straight line connecting the degradation rate at two
points enclosing the 50% fluorescence intensity and the
compound concentration. The compound of the present
invention showed a strong inhibitory action on the binding
of BRD4 protein and ligand.

TABLE 4-1

Example compound BRD4 protein inhibitory activity:

No. IC50 (nmol/L)
8 82
9 47
(+)-1Q1 7400

Test Method 2

The inhibitory action of the compound of the present
invention on the binding of BRD4 protein and a ligand
thereof (acetylated histone H4) was evaluated by the time-
resolved fluorescence resonance energy transfer (TR-FRET)
method using EPIgeneous™ Binding Domain Kit A (Cis-
bio), BRD4-1 (GST) (Reaction Biology Corp) and [Lys(Ac)
5/8/12/16]-Histone H4(1-21)-GGK (Biotin) (Eurogentec).
In this experiment, (+)-JQ1 known to have an inhibitory
activity on the binding of BRD4 protein and acetylated
histone H4 therefor was used as a positive control drug. A
test compound dissolved DMSO was diluted with attached
Diluent Buffer, added to a 384 well white plate, and BRD4-1
(GST) and [Lys(Ac)5/8/12/16]-Histone H4(1-21)-GGK
(Biotin) were further added. Thereafter, Streptavidin-d2
conjugate and Anti-GST-Eu®* Cryptate Conjugate were
added and the cells were incubated at room temperature for
3 hr. The binding amount of the BRD4 protein and acety-
lated histone H4 was measured as the fluorescence intensity
(excitation: 314 nm/emission: 620 nm and excitation: 314
nm/emission: 665 nm). The BRD4 protein inhibitory activ-
ity of the compound of the present invention is shown in
1C,, value (concentration of compound that inhibits 50% of
the binding of BRD4 protein and acetylated histone H4) in
Table 4-2. The IC,, value is a concentration of the com-
pound showing 50% fluorescence intensity when the fluo-
rescence intensity thereof under compound untreated con-
dition is 100%. It was calculated from the straight line
connecting the degradation rate at two points enclosing the
50% fluorescence intensity and the compound concentra-
tion. The compound of the present invention showed a
strong inhibitory action on the binding of BRD4 protein and
ligand.

TABLE 4-2

Example compound BRD4 protein inhibitory activity:

No. IC50 (nmol/L)

142 110

157 61
(+)-1Q1 550
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Experimental Example 5

Antitumor Effect in Human Acute Myeloid Leukemia
MV-4-11 Cell Transplanted Mouse

The in vivo antitumor effect of the compound of the
present invention was studied using human acute myeloid
leukemia MV-4-11 cell transplanted mouse. MV-4-11 cells
were subcutaneously transplanted into the inguinal region of
male, 6-week-old BALB/c nude mouse (5x10° cells/mouse).
The compound of the present invention was administered
into the tail vein on days 1, 5, 9, 13 from the time point when
the assumed tumor volume determined from 1/2ab* (a is
major axis and b is minor axis of tumor) reached about 100
mm?® (day 1). The control group was administered with a
solvent, 10% hydroxypropyl-f-cyclodextrin solution. On
day 15, the tumor was isolated, the weight was measured,
and the tumor growth inhibitory rate IR (%) was calculated
by the following formula.

tumor growth inhibitory rate IR (%)=(1-tumor

weight of administration group/tumor weight of
nonadministration control group)x100

As a result, as shown in Table 5 and FIG. 2, it was
demonstrated that the compound of the present invention
exhibits an antitumor effect in human acute myeloid leuke-
mia MV-4-11 cell transplanted mouse.

TABLE 5

Example tumor growth inhibitory
compound No. dose (mg/kg/day) rate (%)
9 1 98.5%
5 98.4*
31 0.3 95.6%
61 3 97.2%
62 0.3 95.6%
3 97.4*
67 3 97.7%
94 3 98.2%
101 3 98.2%
138 1 97.8%
3 98.6*
142 3 97.4*
157 1 95.5%
3 98.2%

*P < 0.001; significant difference from solvent administration group (Dunnett’s test)

Experimental Example 6

BRD4 Protein Degradation inducing Action in Human
Acute Myeloid Leukemia MV-4-11 Cell Transplanted
Tumor

The compound of the present invention was evaluated for
a BRD4 protein degradation inducing action in the tumor
and an accompanying c-MYC expression suppressive action
by using, as an index, variation of the expression level of
BRDA4 protein and c-MYC protein in the tumor after admin-
istration of the compound to the human acute myeloid
leukemia MV-4-11 cell transplanted mouse. MV-4-11 cells
were subcutaneously transplanted into the inguinal region of
male, 6-week-old BALE/c nude mouse (5x10° cells/mouse).
When the assumed tumor volume reached 80-100 mm?, the
compound of the present invention was administered into
the tail vein. The control group was administered with a
solvent, 10% hydroxypropyl-p-cyclodextrin solution. At 4
hr after the administration, the tumor was isolated from the
mouse and immersed in RNAlater (Thermo Fisher Scien-
tific). The isolated tumor was lysed in a solubilizing solution
(10 mM Tris-HCL, pH 7.4, 0.1% NP-40, 0.1% sodium
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deoxycholate, 0.1% SDS, 0.15 M NaCl, 1 mM EDTA, 10
ng/ml. aprotinin). The solution was electrophoresed and
proteins in acrylamide gel were transferred to Immobilon
PVDF membrane using a semi-dry transfer device. After
5 transfer, the membrane was blocked and immersed in a
primary antibody (Anti-Brd4 antibody:Abcam, c-MYC
Antibody:Cell Signaling Technology, GAPDH Monoclonal
Antibody: Thermo Fisher Scientific) solution at 4° C. over-
night. After immersing in a secondary antibody solution for
1 hr, the object protein on the membrane was detected using
ECL Prime eastern Blotting Detection System or ECL Select
Western Blotting Detection System (GE Healthcare). As a
result, as shown in FIG. 3, the compound of the present
invention induced degradation of BRD4 protein in the tumor
and accompanying decrease in the c-MYC expression level.

INDUSTRIAL APPLICABILITY

The compound of the present invention can be utilized as
an anticancer agent, a BET protein degradation inducer or a
BET protein inhibitor.

This application is based on patent application No. 2018-
127896 filed in Japan, the contents of which are encom-
passed in full herein.

The invention claimed is:
1. A compound represented by the following formula (I)

30
@
RSb
R& RS
R3 R
35 L R
RSa R4a/\ L—W \/Rlll
\\
RS | \] 0 . N \ . Y
{ s RI?
40 g7 N
!\éY) <R5
45 wherein
A is any of the following formula (Aa), (Ab) and (Ac)
50 R4 RS (A2)
S
P~
55
N
X
(Ab)
60
65
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-continued
(Ac)
RSa

X

R'“ and R*? are the same or different and each is inde-

pendently

a hydrogen atom,

a halogen atom,

cyano,

hydroxy,

mercapto,

nitro,

—NR'"R'),

—COOH,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-S—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-S—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O-CO—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O-CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—CO—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R'*)—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—N(R')—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-CO—N(R'?)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R'*)—S0,—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R'*)—S0O,—,

unsubstituted or substituted alkyl having 1-6 carbon

atoms-SO,—N(R)—,
unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-SO,—N(R?)—,

unsubstituted or substituted aryl having 6-10 carbon

atoms or
an unsubstituted or substituted heterocyclic group hav-

ing 1 to 6 hetero atoms selected from a nitrogen

atom, an oxygen atom and a sulfur atom and con-
taining 3 to 10 ring-constituting atoms,
R?is
a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon

atoms or
unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,
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R?is

a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

unsubstituted or substituted heteroaryl having 1 to 6
hetero atoms selected from a nitrogen atom, an
oxygen atom and a sulfur atom and containing 5 to
10 ring-constituting atoms,

R** and R* are the same or different and each is inde-

pendently

a hydrogen atom,

a halogen atom,

cyano,

hydroxy,

mercapto,

nitro,

—NERMR®),

—COOH,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

unsubstituted or substituted alkenyl having 2-6 carbon
atoms,

unsubstituted or substituted alkynyl having 2-6 carbon
atoms,

unsubstituted or substituted arylalkyl having 7-16 car-
bon atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-S—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-S—,

unsubstituted or substituted arylalkyl having 7-16 car-
bon atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O-CO—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O-CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—CO—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R**)—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—N(R*)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-CO—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—S0,—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R**)—S0O,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—N(R**)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-SO,—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO-O—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-CO-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—,
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unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-SO,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—N(R*)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O—CO—NR*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—CO—NR*)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R**)—CO—NR*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R**)—S0,—N(R*)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R**)—S0,—N(R*)—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group hav-
ing 1 to 6 hetero atoms selected from a nitrogen
atom, an oxygen atom and a sulfur atom and con-
taining 3 to 10 ring-constituting atoms,

R3? and R>®? are the same or different and each is inde-

pendently

a hydrogen atom,

a halogen atom,

cyano,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

unsubstituted or substituted heteroaryl having 1 to 6
hetero atoms selected from a nitrogen atom, an
oxygen atom and a sulfur atom and containing 5 to
10 ring-constituting atoms, or

R>? and R>” are joined to show

—CH,—CH,—CH,—,

—CH,—CH,—CH,—CH,- or

—CH,—CH,—CH,—CH,—CH,— and form a fused
ring with adjacent ring A,

RS is

hydroxy,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

—(CH,);—CO—O0R",

—(CH,),—CO—NR)R®),

—(CH,),—R*,

—N(R®)—CO—OR®,

—NR%)—CO—NR7)R®),

—N(R5%)—CO—R* or

7N(R610)(R611),

k, m and n are each an integer of 1-4,

R%2, R%, R%7 and R®® are the same or different and each
is independently a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O-unsubstituted or substituted alkyl having
1-6 carbon atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,
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unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group hav-
ing 1 to 6 hetero atoms selected from a nitrogen
atom, an oxygen atom and a sulfur atom and con-
taining 3 to 10 ring-constituting atoms, or

R% and R* or R® and R®® show, together with the
adjacent nitrogen atom, the following formula

wherein ring B is an aziridine ring, an azetidine ring, a
pyrrolidine ring, a piperidine ring or a morpholine ring, R%
is a hydrogen atom, a halogen atom, cyano, hydroxy, unsub-
stituted or substituted alkyl having 1-6 carbon atoms or
unsubstituted or substituted alkyl having 1-6 carbon atoms-
075
R%is
unsubstituted or substituted aryl having 6-10 carbon
atoms or
unsubstituted or substituted heteroaryl having 1 to 6
hetero atoms selected from a nitrogen atom, an
oxygen atom and a sulfur atom and containing 5 to
10 ring-constituting atoms,
R7 is
a hydrogen atom,
unsubstituted or substituted alkyl having 1-6 carbon
atoms or
unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,
R® is
a hydrogen atom or
unsubstituted or substituted alkyl having 1-3 carbon
atoms,
R® R® and R® are the same or different and each is
independently
a hydrogen atom,
a halogen atom,
hydroxy,
amino,
unsubstituted or substituted alkyl having 1-3 carbon
atoms or
unsubstituted or substituted alkyl having 1-3 carbon
atoms-O—,
L is absent or a group obtained by freely selecting and
combining 1-50 from
—CRMHRP)—,
—C(R™)—=C(R™)—,
—C=C—,

—CO-0—,
—CO—N(R*)—,
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—S0,—NR)—,
—N(R*®)—CO—O0—,
— N(RX®)—CO—NRE)—,
—N(R*®)—S0,—NR*")—,
—N(RX®)—C(—=N—CN)—NR-)—,
—N(R*®)—C(=CH—NO,)—N(R*")—, and

RLS’

—(&

R

the number of ring D is 5 at maximum, and all or one
part of L does not show —O—0O— —S—S—,
—NR”)—NR"”®)—, —O0-S—- S0,
—O—NR")—, —NR"”®)—0—, —S—NR")—
or —N(R")—S—,

ring D is

cycloalkane having 3-6 carbon atoms,

optionally partially reduced aromatic hydrocarbon hav-
ing 6-10 carbon atoms,

a hetero ring having 1-6 hetero atoms selected from a
nitrogen atom, an oxygen atom and a sulfur atom and
containing 3 to 10 ring-constituting atoms,

a bicyclo ring having 4-12 carbon atoms,

a bicyclohetero ring having 1-6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 4 to 12 ring-constituting atoms,

a spiro ring having 6-12 carbon atoms, or

a spirohetero ring having 1-6 hetero atoms selected
from a nitrogen atom, an oxygen atom and a sulfur
atom and containing 6 to 12 ring-constituting atoms,

REL RE2, R%® and RE* are the same or different and each

is independently

a hydrogen atom,

a halogen atom,

cyano,

hydroxy,

mercapto,

nitro,

—NR)R™),

—COOH,

oxo, provided that when R*" is oxo, then R** is absent,

thioxo, provided that when R* is thioxo, then R%? is
absent,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

unsubstituted or substituted alkenyl having 2-6 carbon
atoms,

unsubstituted or substituted alkynyl having 2-6 carbon
atoms,

unsubstituted or substituted arylalkyl having 7-16 car-
bon atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-S—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-S—,

unsubstituted or substituted arylalkyl having 7-16 car-
bon atoms-O—,
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unsubstituted or substituted alkyl having 1-6 carbon
atoms-O-CO—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O-CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—CO—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R*)—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—N(R*)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-CO—N(RX)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R)—S0,—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R*)—S0O,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—N(RX)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-SO,—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO-O—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-CO-O—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-SO,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O—CO—N(R*)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O—CO—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—CO—NR%)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R**)—CO—N(R*4)—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*“)—SO,—N(R*4)—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R**)—S0,—N(R ) —,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group hav-
ing 1 to 6 hetero atoms selected from a nitrogen
atom, an oxygen atom and a sulfur atom and con-
taining 3 to 10 ring-constituting atoms, and further,
R*! and R*? are optionally joined to show

-~ CH,CH,—, —CH,CH, CH,—, —CH,—
CH, CH, CH,—~ or —CH, CH, CH,
CH,CH,—,

R%? and R** are the same or different and each is inde-

pendently

a hydrogen atom,

a halogen atom

cyano,

—COOH,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

unsubstituted or substituted alkenyl having 2-6 carbon
atoms,

unsubstituted or substituted arylalkyl having 7-16 car-
bon atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O-CO—,
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unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O-CO—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group hav-
ing 1 to 6 hetero atoms selected from a nitrogen
atom, an oxygen atom and a sulfur atom and con-
taining 3 to 10 ring-constituting atoms,

R is
a hydrogen atom,
unsubstituted or substituted alkyl having 1-6 carbon

atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

unsubstituted or substituted arylalkyl having 7-16 car-
bon atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O-CO—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O-CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—CO—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R*)—CO—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-N(R*)—S0,—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R*)—S0O,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-SO,—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-SO,—,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-CO—,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-CO—,

unsubstituted or substituted aryl having 6-10 carbon
atoms or

an unsubstituted or substituted heterocyclic group hav-
ing 1 to 6 hetero atoms selected from a nitrogen
atom, an oxygen atom and a sulfur atom and con-
taining 3 to 10 ring-constituting atoms,

W is any of the following formula (Wa), (Wb), (Wc),
(Wd) and (We)

. (Wa)
0
N
I [
RWI
(Wb)
R3

(We)
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-continued
(Wd)
R3
(@]
N
L / R
RWZ [—
(We)
R3
RW3
N
X o)
R \—ox
X and Y are:

X is a nitrogen atom and Y is a nitrogen atom, or X is
a carbon atom and Y is an oxygen atom,

R"2is

a hydrogen atom,

a halogen atom,

cyano,

hydroxy,

unsubstituted or substituted alkyl having 1-6 carbon
atoms,

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

unsubstituted or substituted alkyl having 1-6 carbon
atoms-O— or

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O—,

Rll R12 R13 R41 R42 R43 R44 R61 R65 R66 R610
I{,611’ f{L6, f{m, f{La’ f{Lb, f{Lc, f{Ld, f{m e;nd R’W3 aré
the same or different and each is independently

a hydrogen atom,

unsubstituted or substituted alkyl having 1-6 carbon
atoms or

unsubstituted or substituted cycloalkyl having 3-6 car-

bon atoms,

R% is
unsubstituted or substituted alkyl having 1-6 carbon

atoms or
unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms,

when alkyl having 1-6 carbon atoms, cycloalkyl having
3-6 carbon atoms, alkenyl having 2-6 carbon atoms and
alkynyl having 2-6 carbon atoms are substituted, they
are substituted by one or two or more groups selected
from a halogen atom, cyano, hydroxy and alkyl having
1-6 carbon atoms-O—,

when aryl having 6-10 carbon atoms; a heterocyclic group
having 1 to 6 hetero atoms selected from a nitrogen
atom, an oxygen atom and a sulfur atom and containing
3 to 10 ring-constituting atoms; heteroaryl having 1 to
6 hetero atoms selected from a nitrogen atom, an
oxygen atom and a sulfur atom and containing 5 to 10
ring-constituting atoms; and arylalkyl having 7-16 car-
bon atoms are substituted, they are substituted by one
or two or more groups selected from a halogen atom,
cyano, hydroxy, alkyl having 1-6 carbon atoms,
cycloalkyl having 3-6 carbon atoms, alkyl having 1-6
carbon atoms-O- and cycloalkyl having 3-6 carbon
atoms-O—,

or a pharmacologically acceptable salt thereof.
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2. The compound according to claim 1, wherein unsubstituted or substituted alkyl having 1-6 carbon
REL RE2, R%® and RE* are the same or different and each atoms-N(R**)—CO—NR%)—,
is independently unsubstituted or substituted cycloalkyl having 3-6 car-

bon atoms-N(R**)—CO—NR?)—,

a hydrogen atom, ! . .
unsubstituted or substituted alkyl having 1-6 carbon

a halogen atom, 5 atoms-N(RE)— SO, N(RE) .
cyano, unsubstituted or substituted cycloalkyl having 3-6 car-
hydroxy, bon atoms-N(R*)—SO,—N(R*)—,
mercapto, unsubstituted or substituted aryl having 6-10 carbon
nitro, atoms or
NR*)(R*), 10 an unsubstituted or substituted heterocyclic group hav-
—COOH, ing 1 to 6 hetero atoms selected from a nitrogen
oxo, provided that when R*! is oxo, then R** is absent, atom, an oxygen atom and a .sulfur atom and con-
thioxo, provided that when R*! is thioxo, then R%? is taining 3 to 10 ring-constituting atoms, or a phar-
absent, s macologically accep}able salt .thereof. . .
unsubstituted or substituted alkyl having 1-6 carbon 3. The compound according to claim 1, wherein A is
atoms,
unsubstituted or substituted cycloalkyl having 3-6 car- (As)
bon atoms, R RS
unsubstituted or substituted alkenyl having 2-6 carbon 20
atoms, —
unsubstituted or substituted alkynyl having 2-6 carbon S =
atoms,
unsubstituted or substituted arylalkyl having 7-16 car-
bon atoms, 25 N
unsubstituted or substituted alkyl having 1-6 carbon X
atoms-O—,

unsubstituted or substituted cycloalkyl having 3-6 car-

bon gtoms-O—, . . 4. The compound according to claim 1, wherein X and Y
unsubstituted or substituted alkyl having 1-6 carbon 30 ape pitrogen atoms, or a pharmacologically acceptable salt
atoms-S—, thereof.

unsubstituted or substituted cycloalkyl having 3-6 car- 5. The compound according to claim 1, wherein W is
bon atoms-S—,

unsubstituted or substituted arylalkyl having 7-16 car-

or a pharmacologically acceptable salt thereof.

bon atoms-O—, 35 Wa)
unsubstituted or substituted alkyl having 1-6 carbon R?
atoms-0-CO—, O
unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-O-CO—, N
unsubstituted or substituted alkyl having 1-6 carbon 40 I |
atoms-N(R*)—CO—, R7
unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-N(R")—CO—, or a pharmacologically acceptable salt thereof.
unsubstituted or substituted alkyl having 1-6 carbon 6. The compound according to claim 1, wherein L is
atoms-CO—N(R)—, 45

unsubstituted or substituted cycloalkyl having 3-6 car-
bon atoms-CO—N(R*)—,

unsubstituted or substituted alkyl having 1-6 carbon (T O (CH)
atoms-N(R*)—S0,—, —— (0—(CHy),),— O—(CHy),—'
unsubstituted or substituted cycloalkyl having 3-6 car- 50 RIS RISE

bon atoms-N(R*)—S0O,—, . .
unsubstituted or substituted alkyl having 1-6 carbon @ ’ _O_(CHZ)P_’

atoms-SO,—N(RX)—, RIS RIS
unsubstituted or substituted cycloalkyl having 3-6 car- RES

bon atoms-SO,—N(R)—, 55 _ @ —§—(CHy),—> —— @ — (CHy),—
unsubstituted or substituted alkyl having 1-6 carbon RS ’

atoms-CO-O—, RIS RiS
unsubstituted or substituted cycloalkyl having 3-6 car- ——CH=CH—;

bon atoms-CO-O—,
unsubstituted or substituted alkyl having 1-6 carbon 60 RIS« RiSa

atoms-S0,—, — (o )— et —0— iy, —:
unsubstituted or substituted cycloalkyl having 3-6 car- ¢

bon atoms-SO,—, I
unﬁﬁ:ﬁgﬁ Cog illlffs(tfl{tg})ei ,alkyl having 1-6 carbon - - _ (0— (CHy,)—O— (CHy), —
unsubstituted or substituted cycloalkyl having 3-6 car- RIS& RIS

bon atoms-O—CO—N(R*)—,
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-continued
— — NRD%)—(CHy),—
RLSa’ RL&z
——CO—N(RL5”) (CHp),—>
RLSa’ RLSa

— @ — NR"*)—CO—(CH,);—(0—(CHy),),— O—(CHy),—>

RLSa’ Ri8a

RLSb’ RLSb’

R — @@
RLSb RLSa RLSb

RLSa’ Ri8a

RLSa’

RLSb’

— R
RLSb

RLSa’ RL8a
RLSb'

——o—<CHz>,——;
RLSb

RLSa’ RL8a
—— CO—NR'9) —;
RLSb’ RL8®

RLSa’
——CO—N(RL5”) (CHZ),—O——;
RLSb’ RLSb

RL&z’

—— CO—N(R9)

RLSa’

RLSa

RLSa
RLSb'

) —o—()—

RLSb

Ri8a RIS

—O— (CHy),—

RLSa’

CO—(CHZ)S——O—(CHZ)I,—;

RLSa’

RL8

—_— N(RLSH)

RLSa

- N(RLSH)

RLSa

—NR"9)—CO—(CHy),— @ —(0—(CHy)g)y—O—(CHy)y—>

RLSa’ RLSa
——O—C(R“”)(RLZ”) (CHy)p.;— or
RLSa’ RLSa
__CO_ N(RLSH) C(RLla) (RLZLI) (CHZ)p-l_
RLSa’ RLSa
wherein

p and t are each an integer of 1-6,

q and s are each an integer of 1-4,

r is an integer of 1-7,

ring D?, ring D? and ring D¢ are the same or different and
each is independently cycloalkane having 3-6 carbon
atoms, benzene, naphthalene, dihydronaphthalene, tet-
rahydronaphthalene, azetidine, pyrrole, dihydropyr-
role, pyrrolidine, furan, dihydrofuran, tetrahydrofuran,
thiophene, dihydrothiophene, tetrahydrothiophene,
pyridine, dihydropyridine, tetrahydropyridine, piperi-
dine, pyran, dihydropyran, tetrahydropyran, thiopyran,
dihydrothiopyran, tetrahydrothiopyran, pyrazole, dihy-
dropyrazole, tetrahydropyrazole, imidazole, dihydro-
imidazole, tetrahydroimidazole, isoxazole, dihy-
droisoxazole, tetrahydroisoxazole, oxazole,
dihydrooxazole, tetrahydrooxazole, isothiazole, dihy-
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droisothiazole, tetrahydroisothiazole, thiazole, dihy-
drothiazole, tetrahydrothiazole, pyridazine, dihydro-
pyridazine, tetrahydropyridazine, hexahydropyri-
dazine, pyrimidine, dihydropyrimidine, tetrahydropy-
rimidine, hexahydropyrimidine, pyrazine, dihydropy-
razine, tetrahydropyrazine, piperazine, oxazine, dihy-
drooxazine, tetrahydrooxazine, thiazine,
dihydrothiazine, tetrahydrothiazine, benzopyrrole,
dihydrobenzopyrrole, benzopyrrolidine, benzofuran,
dihydrobenzofuran, benzothiophene, dihydrobenzothi-
ophene, benzopyridine, dihydrobenzopyridine, benzo-
piperidine, benzopyran, dihydrobenzopyran, benzoth-
iopyran,  dihydrobenzothiopyran,  benzopyrazole,
dihydrobenzopyrazole, benzimidazole, dihydrobenz-
imidazole, benzisoxazole, dihydrobenzisoxazole, ben-
zoxazole, dihydrobenzoxazole, benzisothiazole, dihyd-
robenzisothiazole, benzothiazole, dihydrobenz-
othiazole, benzopyridazine, dihydrobenzopyridazine,
tetrahydrobenzopyridazine, benzopyrimidine, dihyd-
robenzopyrimidine, tetrahydrobenzopyrimidine, ben-
zopyrazine, dihydrobenzopyrazine, benzopiperazine,
benzoxazine, dihydrobenzoxazine, benzothiazine,
dihydrobenzothiazine or a bicyclo ring having 4-12
carbon atoms,

R*'® is unsubstituted or substituted alkyl having 1-6
carbon atoms or a halogen atom,

R*%? is a hydrogen atom, unsubstituted or substituted
alkyl having 1-6 carbon atoms or a halogen atom,
R**? is a hydrogen atom or unsubstituted or substituted

alkyl having 1-6 carbon atoms,

RIBe RI8" RIBE RIS RIZC gnd RE®’ are the same or
different and each is independently a hydrogen atom, a
halogen atom, cyano, oxo, unsubstituted or substituted
alkyl having 1-6 carbon atoms or unsubstituted or
substituted alkyl having 1-6 carbon atoms-O—, or a
pharmacologically acceptable salt thereof.

7. The compound according to claim 1, wherein L is

__; ——O—(CHz)p—;

RI8a RL8a

—@——@—

RLSa RLSb

— @@
or

RLSa RLSb

——CO—NH—(CHZ),—O——

RLSa RI8H

wherein

p and t are each an integer of 1-6,

ring D? and ring D? are the same or different and each is
independently benzene, pyrrolidine, benzofuran, ben-
zoxazole or benzothiazole,

R*® and R*®® are the same or different and each is
independently a hydrogen atom, a halogen atom or
cyano,

or a pharmacologically acceptable salt thereof.

8. The compound according to claim 1, wherein R'# is
unsubstituted or substituted heteroaryl having 1 to 6 hetero
atoms selected from a nitrogen atom, an oxygen atom and a
sulfur atom and containing 5 to 10 ring-constituting atoms,
or a pharmacologically acceptable salt thereof.
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9. The compound according to claim 1, wherein R'” is a
hydrogen atom, or a pharmacologically acceptable salt
thereof.

10. The compound according to claim 1, wherein R” is a
hydrogen atom or unsubstituted or substituted alkyl having
1-6 carbon atoms, or a pharmacologically acceptable salt
thereof.

11. The compound according to claim 1, wherein R is
unsubstituted or substituted alkyl having 1-6 carbon atoms,
or a pharmacologically acceptable salt thereof.

12. The compound according to claim 1, wherein R*® and
R* are each a hydrogen atom, or a pharmacologically
acceptable salt thereof.

13. The compound according to claim 1, wherein R>“ and
R>® are the same or different and each is independently
unsubstituted or substituted alkyl having 1-6 carbon atoms,
or a pharmacologically acceptable salt thereof.

14. The compound according to claim 1, wherein RS is
—(CH,),—CO—OR®, or a pharmacologically acceptable
salt thereof.

15. The compound according to claim 1, wherein R” is
unsubstituted or substituted alkyl having 1-6 carbon atoms,
or a pharmacologically acceptable salt thereof.

16. The compound according to claim 1, wherein R®?, R®*
and R® are each a hydrogen atom, or a pharmacologically
acceptable salt thereof.

17. The compound according to claim 1, wherein R®* is
hydroxy, or a pharmacologically acceptable salt thereof.

18. Methyl [(6S)-4-{3'"-cyano-4'-[2-({(2S)-1-[(2S,4R)-4-
hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-oxobutan-
2-yl}amino)-2-oxoethoxy][1,1-biphenyl]-4-y1}-2,3,9-
trimethyl-6H-thieno[3,2-f][ 1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl]acetate,

methyl  [(6S)-4-{4'-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

methyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}amino)-2-oxoethoxy][1,1'-biphenyl]-4-
y1}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,
3-a][1,4] diazepin-6-yl] acetate,

methyl {(68)-4-[2'-fluoro-4'-({(2S)-1-[(2S,4R)-4-hy-

droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl] ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl) [1,1'-biphenyl]-4-y1]-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl}acetate,

methyl [(6S)-4-(4-{(3R)-3-[(2-{[2-({(2S)-1-[(2S,4R)-4-

hydroxy-2-({(1S)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl] ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl)-1-benzofuran-5-yl]

oxy tethyl)carbamoyl]pyrrolidin-1-yl}phenyl)-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl] acetate,

methyl {(68)-4-[3'-fluoro-4'-({(2S)-1-[(2S,4R)-4-hy-

droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl] ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl) [1,1'-biphenyl]-4-y1]-2,3,9-
trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl}acetate,

methyl [(6S)-4-{4-[(2S)-1-[(2S,4R)-4-hydroxy-2-({(1S)-

1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl)-1,3-benzoxazol-5-yl|phe-
nyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[4,
3-a][1,4]diazepin-6-yl]acetate,

methyl  [(6S)-4-{4-[(3S)-3-{[2-({(2S)-1-[(2S,4R)-4-hy-

droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
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nyl] ethyl}carbamoyl)pyrrolidin-1-yl1]-3,3-dimethyl-1-
oxobutan-2-yl }carbamoyl)-1-benzofuran-5-yl]
carbamoyl }pyrrolidin-1-yl]phenyl}-2,3,9-trimethyl-
6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-
yl]acetate,

methyl [(6S)-4-{4-[(3R)-3-{[2-({(2S)-1-[(2S,4R)-4-hy-

droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl] ethyl}carbamoyl)pyrrolidin-1-yl1]-3,3-dimethyl-1-
oxobutan-2-yl }carbamoyl)-1-benzofuran-5-yl]

oxy }pyrrolidin-1-yl]phenyl}-2,3,9-trimethyl-6H-
thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]diazepin-6-y]]
acetate,

methyl {(68)-4-[3'-chloro-4'-({(2S)-1-[(2S,4R)-4-hy-

droxy-2-({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phe-
nyl]ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl) [1,1'-biphenyl]-4-y1]-2,3,9-
trimethyl-6H-thieno[3,2-1][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl}acetate,

methyl  [(68)-4-{4-[7-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl }carbamoyl)-3,4-dihydroisoquinolin-2
(1H)-yl]phenyl}-2,3,9-trimethyl-6H-thieno[3,2-{][ 1,2,
4]triazolo[4,3-a][1,4]diazepin-6-yl]acetate,

methyl  [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl }carbamoyl)-1-benzofuran-6-yl]phe-
nyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[ 4,
3-a][1,4]diazepin-6-yl]acetate,

methyl  [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

methyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl)-1,3-benzoxazol-5-yl|phe-
nyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[ 4,
3-a][1,4]diazepin-6-yl]acetate,

methyl  [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]
ethyl}carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl }carbamoyl)-1,3-benzothiazol-5-ylphe-
nyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[ 4,
3-a][1,4]diazepin-6-yl]acetate,

methyl  [(6S)-4-{4-[2-({(2S)-1-[(2S,4R)-4-hydroxy-2-

({(18)-1-[4-(4-methyl-1,3-thiazol-5-yl)phenyl]

ethyl }carbamoyl)pyrrolidin-1-y1]-3,3-dimethyl-1-
oxobutan-2-yl}carbamoyl)-1,3-benzoxazol-6-yl|phe-
nyl}-2,3,9-trimethyl-6H-thieno[3,2-f][1,2,4]triazolo[ 4,
3-a][1,4]diazepin-6-yl]acetate or

(2S,4R)-1-{(29)-3,3-dimethyl-2-[(3-{4-[(6S)-2,3,6,9-te-

tramethyl-6H-thieno|3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-4-yl]phenyl }prop-2-ynoyl)amino]butanoyl} -
4-hydroxy-N-{(1S)-1-[4-(4-methyl-1,3-thiazol-5-y1)
phenyl]ethyl}pyrrolidine-2-carboxamide,

or a pharmacologically acceptable salt thereof.

19. A pharmaceutical composition comprising the com-
pound according to claim 1 or a pharmacologically accept-
able salt thereof and a pharmaceutically acceptable additive.

20. A method for treating cancer comprising administer-
ing an effective amount of the compound according to claim
1 or a pharmacologically acceptable salt thereof to a subject
in need thereof, thereby treating cancer in the subject,
wherein the cancer is gastric cancer, ovarian cancer, lung
cancer, liver cancer, urothelial cancer, testicular cancer, skin
cancer, prostate cancer, breast cancer, colorectal cancer, or
leukemia.

21. A method for treating cancer comprising administer-
ing an effective amount of the compound according to claim
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1 or a pharmacologically acceptable salt thereof to a subject
in need thereof, thereby treating cancer in the subject,
wherein the cancer is acute myeloid leukemia, chronic
myeloid leukemia, multiple myeloma, diffuse large B-cell
lymphoma, adult T-cell leukemia/lymphoma, Burkitt lym-
phoma, bladder cancer, uterine sarcoma, glioma, or pancre-
atic cancer.

22. A method for degrading BET protein comprising
administering an effective amount of the compound accord-

ing to claim 1 or a pharmacologically acceptable salt thereof 10

to a subject in need thereof, thereby degrading BET protein
in the subject.

23. A method for degrading BRD4 protein comprising
administering an effective amount of the compound accord-

ing to claim 1 or a pharmacologically acceptable salt thereof 15

to a subject in need thereof, thereby degrading BRD4 protein
in the subject.

24. A method of inhibiting BET protein comprising
administering an effective amount of the compound accord-

ing to claim 1 or a pharmacologically acceptable salt thereof 20

to a subject in need thereof, thereby inhibiting BET protein
in the subject.

25. A method of inhibiting BRD4 protein comprising
administering an effective amount of the compound accord-

ing to claim 1 or a pharmacologically acceptable salt thereof 25

to a subject in need thereof, thereby inhibiting BET protein
in the subject.
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